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ORIGINAL ARTICLES 

THE COTTON BOLLWOEMS (EARIAS FABIA STOLL., 
PLATYEDEA GOSSYPIELLA SAUND. AND 
HELIOTHIS OBSOLETA FABR.) 

IN THE CENTRAL PROVINCES 
AND BEIRAR* 

BY 

G. R. BUTT, B.A. 

Entomologist to Government, Central Provinces and Berar (Retired) 

AND 

M. S. PATEL, B.Aa. (Bom.) 

Entom.ological Assistant 
Ventral Provinces Entomological Scheme 
EBVISBD BY 

K. R. SONTAKAY, M.Sc., Post-geadtjate, Pxjsa 
Entomologist to Government, Central Provinces and Berar 
(Received for publication on 14 August 1939) 

I T was observed by the Entomological Section, Central Provinces Department 
of Agriculture, that considerable damage was done to cotton by the boll- 
worms but on account of paucity of staff it was not possible to undeidake any 
detailed investigation on these pests. The sporadic attempts to studjr the 
proVrlem and occasional observations made on the subject departmentally 
did not furnish sufficient data on which to base definite conclusions. A 
specific scheme for investigation into the bollworm problem was, therefore, 
started with the fimds provided by the Indian Central Cotton Committee. 
The scheme commenced in July 1934 and terminated in September 1937. 
The junior author who had worked in the Broach Clean-up Scheme was ap- 
pointed as Assistant and the w'ork was carried out under the supeiwision and 
guidance of the senior author. 

The final report of the scheme was submitted to the Indian Central Cotton 
Committee in May 1938 and the Committee' recommended its publication 
subject to unimportant portions being deleted. This work of deletion was 
done by the junior author. 

The paper, however, still required considerable revision and redrafting 
which have been carried out by Mr K. R. Sontakay, the present Entomolo- 
gist to Government, Central Provinces and Berar. 

The financial help given by the Indian Central Cotton Committee is grate- 
fully acknowledged. 

*Final Report of the Central Provinces and Berar Entomological Scheme financed 
by the Indian Central Cotton Committee 1934-37 
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The pink bollworm {Platyedra gossypiella Saund.) and the spotted boll- 
worm {E arias fabia Stoll.) were known as serious pests of cotton in the Central 
Provinces and Berar as in other cotton areas of the country, but as no detailed 
work on them was done the ‘ Central Provinces and Berar Entomological 
Scheme ’ was sanctioned with the object of ascertaining the distribution of the 
bollworms in the province, their incidence, extent of damage and the means of 
‘ carry-over ’ from one season to another. Further, the Indian Central Cotton 
Committee desired that investigation should be undertaken to explore the 
possibility of applying the results of researches of the Surat Bollworm Scheme 
to the problem relating to this province. Nagpur was selected as centre for 
work in the Central Provinces and Akola in Berar. 

Durino- the course of investigation it was observed that a third bollworm, 
i.e. HeliotMs obsoleta, commonly known as the American bollwonn of cotton 
was also responsible for some damage during the early part of the cotton season. 
During the final year of the scheme work was mainly concentrated on this 
insect. The results of investigations are embodied in thi.s paper. 

Soil and climate of the cotton tract 

Soil 

The soil of the cotton tract of the province is typically clayey loam. 
It is deep black in colour, subject to waterlogging during continuous heavy 
rains. Cracks begin to appear soon after the monsoon and these gradually 
widen till in summer they are as deep as 30 inches. 

Rainfall and humidity 

Monsoon breaks in the second or third w^eek of June and during July 
and August the rainfall is heavy. The annual rainfall varies from 28 in. to 
32 in. in Berar and from 35 in. to 45 in. in the cotton tract of the Central 
Provinces. After the rainy season, humidity begins to fall gradually. In the 
month of May the air becomes very dry and the percentage of moisture 
is as low as 19 (Appendix I). 

Temperature 

The climate of the cotton tract is, on the whole, hot and dry with a mild 
winter. The minimum temperature rarely goes below 56°F. during December 
and January. From February, the temperature rises and in May, which i.s 
the hottest month of the year, it varies between 110°F. and 115°F. and some- 
times goes to 1 18°F. During the monsoon the mean temperature varies in the 
neighbourhood of 80°P. 

The life of cotton crop in the Central Provinces and Berar 

Seed is sown generally in the last week of June or the first week of July 
a fter a few heavy showers of rain. The bolls burst in the latter half of October 
or in early November. Usually pickings are carried out till the end of Decem- 
ber- but if the rainy season is a prolonged one they are continued till the end 
of January. The life of the cotton crop in the Central Provinces and Berar 
covers a period of about 26 weeks from the time of sowing to the last picking. 

The cotton grown in this province belongs to the ‘ ne^ectum ’ group and is 
mixed with Buri (American cotton) to a certain extent. There is little or no 
monopodial growth in these types of cotton. 
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Incidence of bollworms 

Observations carried over three successive seasons, 1934-37, indicate 
that three types of bollworms, viz. the spotted boUworm {Earias faUa Stoll), 
the pink bollworm (Platyedra gossypiella Sannd.) and the American bollworni 
{Eeliothis obsoleta Fabr.) cause considerable damage to the cotton crop in this 
province. 

In order to determine the incidence of the bollworms all the reproductive 
forms from a fixed number of plants were picked and examined. The number 
of different bollworms found and of the forms damaged by them was recorded. 

Table I 


Bollworm. population in cotton seedlings 3 in. -18 in, high 


Locality 

Mouth and year 
of 

exammation 

Variety 

Number 
of seed- 
lings exa- 
mined 

Number o 
larva< 

f species of 

3 found 

E, fabia 

E. obsole- 
ta 

Akoia 

July 1935 

Verum 

500 

2 

0 



Buri 

500 

■ 7 

4 


August „ 

Verurn . 

12758 

11 

0 



Buri 

3231 

13 

7 


June 1936 

Verum 

271 

0 

0 


July „ 

V ernm . 

2973 

5 

0 


t 

Buri 

868 

0 

0 


July 1937 

Buri 

2400 

17 

0 



Verum . 

2800 

6 

0 



' L. Verum 

1000 

1 

0 


August „ 

Verum 

800 

1 

0 

Nagpur . , 

July 1936 

L. Verum 

27274 

21 

0 


August „ 

L. Verum 

59955 

44 

0 


July 1937 

Verum . 

4546 

2 

0 



Buri 

397 

0 

0 


August „ 

Verum 

2708 

8 

0 



Buri 

1413 

20 

0 



Boseimi . 

1200 

14 

0 



L. Verum 

1000 

^ i 

0 


It will be seen from the above table that the spotted bollworm appears 
in July and does a little damage to seedlings. It is the Buri variety which 
suffers more than others. In the seedling stage infestation by H. obsoleta 
is practically negligible. 

Though the spotted bollworm appears on the cotton crop in the last week 
of J uly its progress is retarded due to heavy rains during August and Septem- 
ber. From October, it multiplies rapidly and remains active till the end of the 
season. Thus there is coincidence of the increased bollworm population with 
the boll formation and consequently the damage is very great (Appendix II). 

The pink bollworm makes its appearance on the crop in the latter half of 
September and gradually increases in number during the next two months. 
In December it multiplies rapidly till in January almost every boll is infested 
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by it. Heliothis obsoleta makes its appearance on tbe cotton crop at Akola 
in the last week of July in small numbers. The attack starts on exotic varie- 
ties. The pest gradually multiplies and is at its maximum from the begin- 
ning of September to the middle of October. At this time tur {Cajanus 
indicus) begins to bear pods and this crop being more favoured the insect 
moves on to it. Tur is commonly grown in the neighbourhood of cotton fields 
and sometimes in the same field -in between eight to ten rows of cotton. 

Nature and extent of damage by the bollworms 

The spotted bollworm is found in the tender shoots during the last week 
of July when the plants are 6-9 in. in height. The larvae bore into the shoots 
which droop down and wither. The growth of the plants which are bored to a 
depth of 3-4 in. is arrested, whereas those bored to a depth one or two inches 
continue to grow as the development of the axillary buds is stimulated. The 
damage to the top shoots is one per cent and consequently the crop does not 
suffer any appreciable loss at this stage. Thinning of cotton during July 
removes some of the larvae but this is hardly an effective check as the opera- 
tion is done irregularly. The larva immediately after emergence from the 
egg does not directly feed on the nearest available food but wanders about and 
then bores in the tender shoot, bud or Iroll. With the development of buds 
and bolls the damage is restricted to these forms only. The larva even before 
it is full grown moves on to other buds or bolls and causes similar damage. In 
this way it damages many more forms than are actually needed for its full 
growth. 

During the early stage of the crop the larvae of Heliothis feed on 

the tender shoots and leaves, but with the development of buds and bolls these 
are preferred. The caterpillar is a voracious feeder and is capable of finishing 
a boll of the size of or even bigger than an areca nut in a day. The larva thrusts 
its head inside the bud or boll and feeds on the entire inner contents. Tender 
bolls are preferred to older ones. 

During the year 1935-36, a group of 500 plants was reserved at Akola 
to study the problem of bud and boll shedding due to bollworms and to deter- 
mine the proportion of forms shed due to insect damage to total forms borne 
by the plants. Daily examination of the shed forms w’^as carried out froiii 
the beginning of September till the end of January. The shed, material 
consisted of 2220 buds, 2354 small bolls, 331 medium bolls, 135 big bolls and 
125 open bolls. The percentage of damage caused by the three bollworms 
is given in Table 11. 

Table II 

Percentage of forms shed due to different bollwornis 


Shed due to 

Buds 

Small 

bolls 

Medium 

bolls 

Big 

bolls 

Open 

bolls 

Spotted bollworm 

17-0 

22*7 

30*8 

44*4 

46-7 

Pink bollworm 

0*5 

■ 0 *7 

4*0 ■■ i 

10*0 

10*0 

American bollworm . 

33-4 

! 14-0 

15 *0 

5*2 


Other causes . . . i 

49*1 i 

62-6 

50*2 

i 40 *4 , 

43 *3 
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The big-sized bolls attacked by boUwonns which do not drop open pre- 
maturely. One or two locks of such bolls are partly or completely damaged. 
To estimate the amount of damage, kapas (seed cotton) from acre at Akola 
Farm and i acre at Nagpur Farm was examined during 1935-36 (Table III). 

Table III 


Percentage of damaged kapas in kapas of different pickings 


Date of picking 

Percent- 

age 

of 

Percentage of kapas part- 
ly damaged by 

. Percentage of kapas com- 
pletely damaged by 

. ______ _____ ___ 

' 

undamag- 
ed kapas 

S.B.W. 

P.B.W. 

o.c. 

S.B.W. 

P.B.W. 

O.C. 




Akola 





4 Nov. 1935 

89-70 

4-00 

1 -40 

2-20 

1*90 

0-60 

0-03 

15 ,9 99 

85-60 

7 *60 

2*00 

2-40 

1-90 

0*40 

0-02 

29 ,, 99 

62-70 

30-10 

2*20 

1 -40 

3-60 

0*02 

0-01 

20 Dee. „ 

61-10 

20-10 

6*60 

2-70 

6*80 

1-40 

1 -20 

15 Jan. 1936 

52-90 

22-70 

7-66 

5-77 

8-10 

1-30 

1-45 

On the whole 

73 -40 

16-00 

3-20 

2-40 

3-70 

0-60 

0-50 




Nagpur 





5 Nov. 1935 . . 

91 -90 

1 -10 

0*60 

1-70 

2*10 

0-80 

‘ 2 -20 

18 99 >> 

93-19 

0-85 

0*25 

0-80 

2*80 

0-27 

1 -05 

5 Dec. 99 • 

95-70 

' 1-70 

0-10 

0*20 

1*70 

0*10 

0*40 

2 Jan. 1936 

91 -10 

3-10 

0*13 

0-44 

2-50 

1 

i 0 -30 

2-30 

On the whole 

93-80 

1-60 

0*23 

0-66 

2-30 

0 -20 

1-20 


S.B.W. = Spotted bollworm ; P.B.W. = Pink bollworm ; 0.0. = Other causes 


Liee-cyolb 

Spotted bollworm 

The life-history and habits of the spotted bollworm in this province are 
more or less the same as in other cotton tracts of India. The incubation period 
varies from three to five days depending on the season, shorter time being 
required during summer. Larval stage lasts firom 16 to 18 days during 
December and January and 10 to 14 days during other months. Pupation 
takes place generally in the soil either in cracks or under clods. During May 
1936, 3641 empty cocoons of the spotted bollworm were recovered from cracks 
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over an area of half an acre. Some cocoons weie found as deep as 20 inches* 
The pupal period is about 16 days during winter and about nine days during 
the rest of the year. The maximum duration of the life of the adult is 36 
days in captivity. Experiments conducted to study the egg-laying capacity 
of the moths showed that the maximum number of eggs laid by a female was 
592 and this number was laid in 23 days. The period when most egg-laying 
occurred was November to February when generally over 300 eggs were laid by 
a female. The insect does not hibernate or aestivate but breeds continuously. 


Pinh bollworm 

The incubation period is four to five days during all the months except 
December and January when it extends to seven days. The larval stage du- 
ring the period from September to the end of November ranges between 10 
and 14 days and in December and January 14 and 22 days. From the middle 
of November a few larvae enter the long-cycle stage. With the advance of the 
season larger number enter the long-cycle stage. Till the end of April, 
however, the short-cycle larvae are noticed on the standover crop. No pink 
bollwoi in is found in the crop after this period as there is no green boll on the 
plant. At Nagpur, the short-cycle larvae w^ere not seen during June and July 
but there is some evidence to show their existence during these months at 
Akola (Table IX). 

The pupal stage lasts for seven to nine days except in December and Janu- 
ary when it occupies 10 to 12 days. 

The duration of the life-cycle varies, in the case of the short-cycle, from 
31 to 41 days during the coldest part ot the year and from 20 to 28 days dur- 
ing the rest of the year ; and in the case of the long-cycle, from eight to nine 
months. 

Experiments carried out to find out the longevity of the moths showed that 
one female fed with sugar solution lived for 51 days and laid 205 eggs during 
her life. Another moth which lived for 31 days laid 343 eggs. Egg-laying 
occurs on a large scale from November to the end of February. 

According to Ballard [1923], long-cycle pink bollworm larvae do not occur 
in south India. Husain, Bindra and others [1931] have definitely established 
that in the Punjab there are two types of life-cycles of Platyedra gossypiella 
Saund., the one in which the caterpillars immediately pupate at the end of 
their feeding period— the short-cycle ; and the other in which the caterpillars 
when full fed do not pupate but pass through a prolonged period of hiberiia- 
tion^ — ^the long-cycle. In that province even when a fairly large supply of 
flower buds and green bolls was made available during May and June, no pink 
bollworm larvae could be found and that the first brood of ^ worms ’ appearing 
in the cotton fields was the progeny of moths emerging in July and the begin- 
ning of August. 

The pink bollworm seems to be capable of adapting itself to different 
environments. In south India there is no long-cycle stage as in the Punjab 
and the United Provinces. In the Hyderabad State it is found to attack 
early forms to an appreciable extent, whereas in the Punjab and the United 
Provinces this is not the case. In these provinces larger number of long-cycle 
larvae are found in the seeds whereas in Hyderabad they are in the soil. " 
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'Carry-over’ or the bollworms 

In. the Central Provinces and Berar, the last picldng of cotto.ii is finished 
by the end of December in normal years but in exceptional seasons it 
extend to the end of January. The new crop is sown during the last -week of 
June or the first week of July. There is thus a clear gap of five to six months 
between the close of one season and the commencement of the next. The 
bollworms have to tide over a long period when their food is either scanty or 
wanting. It is, therefore, necessary to know’ how they pass this critical period. 

Spotted bollworm 

After cotton is harvested, the crop is allowed to stand for a considerably 
long period. This induces fresh growdh and numerous buds and bolls appear 
till the end of April, wdiich serve as food to spotted and pink bollworms and 
enable them to pass the period from Januaiy to Aj)ril. 

The time and method of removing the cotton stalks vary in different 
localities. In some places they are removed by hand pulling, in others, by cut- 
ting -with a sickle or harrowing or ploughing. This is ordinarily done during 
February and March. At places during years of heavy rainfall the stalks 
are deliberately allowed to standover till the end of April for harvesting the 
hapas (seed cotton) of the second flush, knowm as ^ faldari kapias \ This prac- 
tice, how^ever, is in vogue in some parts of Berar only. The felds are ploughed 
by the end of May. Observations made by allowing the crop to standover 
during summer showAIiat a fair number of bolWorms harbour in the plants 
till the end of May but during June they practically disappear (Table IV). 

Table IV 


Bollworm population in standover crop 


Locality 

Month and year 
of examination 

No. of 
plants 
examined 

Total 
No. of 
buds and 
boils 

examined 

Number a 

Marias 

fahia 

tnd species 
found 

P. gossy- 
piella 

of larvae 

H, ohso- 
leta 

Akola 

January 

1935 

100 

392 

6 

38 

0 


March 

9 } 

100 

589 

12 

32 

0 


April 

99 

500 

2560 

196 

27 

0 


May 

99 

600 

2376 

76 

1 

0 


June 

99 

150 

107 

1 

0 

0 


February 

1936 

450 

5840 

125 

277 

0 


March 


750 

7170 

135 

617 

0 


April 

99 

600 

3815 

258 

430 

0 


May 

99 

1500 

5782 

128 

4 

0 

Nagpui' ' 

January 

1935 

200 

1696 

69 

15 

0 


February 

99 

400 

3969 

214 

26 

0 


1 March 


500 

5837 

447... 

164 

0 


April 

99 

400 

1619 

220 

39 

0 


' May 

99 

400 

1142 

105 

1 

0 


June 

99 

100 

148 

12 

0 

0 
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Ordinarily food is not available in the cotton fields during May and June. It 
can be concluded that the cotton fields do not appreciably help the spotted 
bollworin in tiding over the critical period. 

Alternative food plants 

In the cotton tract of the province elaborate irrigation facilities do not 
exist, but there are tanks or wells from which water is taken to raise a few 
vegetable and garden plants. In these places the food plants such as bhindi 
(Hibiscus esculentus), ran-bhindi (Hibiscus panduriformis), ambadi (Hibiscus 
cannabinus), handhi (Abutilon), hollyhock (Althaea rosea) and deohapas or 
perennial cotton are found. Examination of these alternative food plants 
carried on during March to August 1935 and March to May 1936 showed that 
in bhindi and tree cotton infestation is carried over and a few specimens are 
found in Abutilon and A. rosea but in others the pest is practically absent. 
Bhindi is grown in summer in the vicinities of towns and villages for vegetable 
purposes. It is also imported from outside the province during the months 
of June and July. Examination of this material revealed the presence of the 
spotted boUworm. It is, therefore, quite possible that summer bhindi serves 
a fruitful source of reinfestation of the new crop. 

The pink bollworm 

In order to determine the various sources of reinfestation by the pink 
bollworm to the new cotton crop, a study of all possible sources such as soil, 
seed, hapas, stored cotton sticks, volunteer cotton plants and alternative host 
plants was made. The results are summarized below. 

Examination of soil 

Eor this purpose cotton stalks over half an acre area were removed before 
the first week of April in the year 1936. In May this area was dug uniformly 
up to a depth of 20 in. and at places where cracks were deeper up to 30 in. 
and the soil was carefully examined after sifting. 3641 empty cocoons of the 
spotted bollworm and 354 pink bollworm caterpillars w^ere found. Out of 
these 354 caternillars, 304 were found in flimsy cocoons either with fine grains 
of soil around them or in a wrapping of petals of withered flowers fallen on the 
ground. Fifty larvae were found in a. free or naked state. No larva was 
found in the loose soil of the mulch of the top layer. Table V shows the 
number of larvae found at different depths. 


Table V 

Number of pink bollworm larvae found in different layers 


f 

Depth of layers 
in inches 

, 1-5 

6-10 

11-15 

16-20 

21-25 

No. of 
larvae 
caught 
in 
sieve 

Total 

No. of pink boll- 
worm larvae 

fotmd j 

1 

9 

1 

.1 

45 

133 

15 

1 

' 151 

. 364 , 
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While digging the soil lb. of damaged Jkapas was gathered from the 
cracks and burrows of rats. A careful examination of this iapas did not dis- 
close any pink boUworm larva. 

There is no direct evidence to say that these caterpillars succeed in 
emerging as moths and reinfesting the new cotton crop. The fact, however, 
that the pink bollworm larvae are found on stray volunteer cotton plants 
during June to August (Table IX) leads one to believe that possibly some 
of the larvae resting in the soil develop into moths in the beginning of the 
monsoon. 

Examinaticm 0 / kapas 

To determine the number of larvae resting in the Tcapas picked from time 
to time, some quantity of it was taken from the lots harvested in November, 
December and January. It was examined by spreading the Mnt. AU the 
pink bollworm larvae found in the lint were removed and the number recorded. 
The kapas was then girmed and the seed examined by cutting. The examina- 
tion of kapas was done over two seasons, 1934-35 and 1935-36 (Table VI). 

Table VI 


Number of pink bollworm larvae in unginned kapas 


Bate of 
picking 

Nagpur 

Bate of • 
picking 

Akola 

Quantity 
of Jbapas 
examined 
in lb. 

Period 
of exami- 
nation 

No. of pink 

J boUwomis 
! found in 

Quantity 
of kapas 
examined 
in lb. 

Period 
of examina- 
tion 

1 

! No. of pink 
boliwonns 
found in 

Lint 

Seed 

Lint 

Seed 

24 Oct. 1934 

1 

February 

... 

... 

25 Nov. 1984 

2i 

February 

13 


10 Nov. „ 

1 

Bo 



11 Bee. „ 

2i 

Bo 

3 

1 










dead 

23 „ 

1 

Bo 

2 


16 Jan. 1935 

U 

Bo 

21 

4 

7 Bee. ,, 

1 

Bo 

6 

4 

26 Nov. „ 

23 

Bo 

2 


18 Jan. 1935 

U 

Bo 

7 

6 

12 Bee. „ 

23 

Bo 

8 

... 

22 Nov. „ 

20 

Becember 

3 

... 

20 Jan. 1936 

22 

Bo 

10 

3 

20 Bee. tf 

20 

January 

11 , i 

... 






10 Jan. 1986 

20 

February 

113 

7 







It wiU be seen that cotton of late pickings harbours greater number of 
pink bollworm than of early pickings and it is in the lint that a large number 
is found. This is also the case in the Punjab where Bindra [1928] states that 
the infestation is higher in the middle pickings of kapas than in early ones 
and highest in samples of late pickings. 
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Examination of seed, (sarki) 

With a view to determine how the pest belmves in the province with re- 
gard to its hibernation in cotton seed, seed of different pickings was examined 
from time to time. The results are given in Table VII. 

Table VII 

N timber of pink bollworm larvae in cotton seed 


I No. of pink "bollworm larvae found in 


Date or Quantity i_ 

Type period of of seed j 

of seed examina- in lb. 

tion 1 


single 

double 

flimsy 

Total 

seed 

seed 

cocoon 

1 



I & II . 

in&iv 


Mixed picking . Ak. sp. 

Buri 


V. 434: f February I 


1934-35 (Akola) 


Mixed picking , 


February 1 


1934-35 (Nagpur) 


7 1 brought from 
market 


1935-36 (Akola) 


Nov. I & II 
mixed 

V. 434 

17 Dec. 
1935 

5 

16 



.... 

16 

low grade 

Do . 

Do 

30 Dec. 
1935 

5 

2 


... 


2 

ungraded 

Nov. <fe Dec. 
mixed 

Buri 

5 Feb. 
1936 

10 

8 

1 


3 

12 


Mixed 

Eoseum 

17 Feb. 
1936 

10 

1 

1 



2 


Do 

Bazar 

seed 

17 Feb. 
1936 

20 

4 




4 

only one larva 
healthy 

Do , 

Cambo- 

dia 

25 May 
1936 

15 

1 




1 

not able to 
pupate 

Do . 

Bazar . 

20 May 
1936 

20 




... 



Do . 

Buri 

26 May 
1936 

20 

... 

... 


... 

... 



It wiU be seen from the above table that the number of pink bollworm 
larvae in seed is very small. Those found during December to Eebruary 
either emerge as moths or die due to heat during succeeding months. This 
leads to the conclusion that in the Central Provinces and Berar, the seed is 
not the main source of infection of the crop of the next season. 

Examination of stored cotton stalks 

After kapas is gathered some imperfectly developed bolls and damaged 
locks are left on the plants in the field. Pink bollworm larvae present in them 
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are thus carried to the place where cotton stalks are stored for fuel or for 
thatching purposes. These stalks were examined for the larvae. The results 
show that the cotton stalks harbour long-cycle larvae to a small extent and 
serve to carry infestation to some degree to the next season (Table VIII)* 

Table VIII 


Number of pink bollworm in dry cotton stalks 


Date of 
examination 

Quantity 
in lb. of 
stalks 
examined 

Quantity 
in lb. of 
kapas 
gathered 

No. of 
pink 

bollworm 

larvae 

found 

Remarks 

• ‘ 1 





Nagpur 



; 

i 

28 Mar. 1935 . 

1 160 

i 

Nil 

- 


28 Apr. 

Do 

i 

2 



28 May „ 

Do 

i 

Nil 


■■ 

28 June „ 

Do 

i 

Nil 


:! 

28 Mar. 1936 . 

Do 

Nil 

2 


Stalks were stored for 

21 Apr. „ 

Do 

Nil 

1 


y this purpose both at 





Nagpur and Akola 

26 May „ 

Do 

Nil 

Nil 


farms 



Akola 




28 Mar. 1935 . 

160 

6 

3 



28 Apr. , 

Do 

" 5 

4 



28 May 

Do 

3 

1 



28 June ,, 

Do 

3i 

4 

- 


13 Apr. 1936 . 

Do 

9 oz. 

4 

Stalks were stored by a 





cultivator on the 5th 
mile of Akola-Basim 

Road 


20 May „ 

Do 

li 

1 

Stalks were stored on the 




Government Farm 

6 June ,5 

Do 

i 

17 

Stalks were stored by a 


S*9 

i 

j 



cultivator at Hinga vil- 
lage near Government 

Farm 



Examination of alternative food plants 

Thougli cotton is the most favoured food plant of the pink boUworm, 
it is sometimes found on bkindi, hollyhock and abutilon, but their ^ number in 
them is so small that they can hardly be considered as sources of infestation. 
Observations carried out during March to August 1935 and March to May 1936 
on the alternative host plants of E. fabia showed that it is only the tree cotton 
in which a fairly large number of pink bollworms were found, one or two cater- 
pillars were seen in A* rosea and H. sabdarifa but these can safely be ignored 
as means of carry-over. The perennial and volunteer cotton plants are thus 
the real sources of danger. The following observation gives an idea of the 

seriousness of this source. ^ i 

At Chimur, a village in Chanda district, survey was made of the perennial 
cotton plants in April 1936 and about 100 plants were found growing. From 
one plant about 7 ft. high and in full bearing, 50 forms were removed and 
examined. Out of these, 24 were bolls and 26 flower buds. Twenty-two 
bolls were found attacked by the pink bollworms and from them 22 larvae 
were collected alive. 





No. of 

forms 

No. 

Of 




No, of 


bollworms 


Locality 

Date of 

■plants 





Eemarks 

examination 

examined 

Buds 

Bolls 

Spot- 

Pink 







ted 

boll- 







boll- 

worm 

worm 


Covt. Farm, Al:ola . 

1 July 1935 

121 

120 

2 

5 

20 

Plants were found in 
fodder plot 

TJmri village near 

23 June 1936 

50 

131 

10 

6 

37 

Some larvae pupated 
on 26 June 1936 and 

Akola 







emerged as moths on 
3 July 1936 


3 July 1936 

50 

65 

7 

11 

5 

Material collected from 
the same plants as 








above 


20 July 1936 

50 

289 

I 6 

7 

107 

All larvae except fomr 
were small 

Ginning Factory, Akola 

12 June 1936 


46 

6 

... 

... 

Plants were near tank 


7 July 1936 


84 



... 

Same plants as above 

Nagpur . 

18-31 Aug. 
1936 

150 

390 

326 

2 

16 

Material was collected 
from ratoon plants 







kept at Nagpur 


8 Sept. 1936 

50 

147 

822 

6 

6 

Do 
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Emergence of pink bollworm moths from stored kapas and seed 

Kapas (imginned cotton) and seed {sarki) of different pickings were stored 
in suitable containers and the number of moths emerged was recorded every 
week. Not a single moth emerged from^2| lb. of kap)as of different pickings 
kept under observation at Akola from February to September 1935. From 
2Q\h,oi kapas similarly kept for the same period during 1936,13 moths 
emerged, two from the kapas of November picking in the last week of Feb- 
ruary, three from that of December picking in February and one in April. 
At Nagpur also during 1935, from 1 lb. of kapas of three pickings each, not a 
single moth was obtained. From 20 Ih.oi kapas in 1936 kept over the same 
period, four moths were obtained from the kapas of November picking about 
the beginning of May, 10 from the kapas of December picking, three in April, 
five in August and two in September ; and from the January picking, 25 
moths emerged, three in April, 20 in August and two in early Septemb^er. 

At Akola, 51b. of cotton seed kept from February to September 1935 did 
not provide a single moth. In 1936, during the same period, 43 lb. of seed 
were kept under observation and from this lot one moth was obtained from 
seed of November picking in March, and six from that of December pick- 
ing, one in February and five in March; and one from January picking in 
February. 

At Nagpur, 4 lb. of cotton seed were kept in 1935 and 43 lb, in 1936 over 
the same period, i.e. February to September. Two moths emerged in July 
1935 from seed brought from bazar. In 1936, in all 20 moths emerged ; five 
from seed of the November picking in the month of April, five from that of De- 
cember picking — three in April and two in August — and ten from the Janu- 
ary picking — two in April to May and eight in the first week of August. 

The above figures show that kapas is not a serious source 1>f reinfection. 
The only possible danger is from moths which emerge during July and August. 
The local practice of the cultivators of selling away all kapas and not storing 
it obviates this danger. 

There is a negligible number of long-cycle larvae in the seed and the 
possibility of these developing into adults is greatly minimized when stored 
in large heaps. Husain, Bindra and others [1931] also support this view when 
they say that only 1 or 2 per cent of the resting caterpillars reach the moth 
stage in case of large stores and 6 to 9 per cent in case of small stores. 

Feasibility of adopting clean-xjp measures 

Off-season 

The period between the close of one cotton season and the beginning of the 
next is long enough to expose the bollworms to dangers of starvation. The 
early cleaning of cotton fields involves no extra expenditure and prevents the 
soil from getting impoverished ; and it also derives maximum benefit from 
exposure to sun, 

Hoif bhindi 

As already pointed out, hhindi serves a rich breeding place for almost 
all pests of cotton which travel on to new cotton crop in the field. Hot weather 
bhindi is grown on a small scale near towns and is not a paying crop as it is 
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heavily infested with pests and at several places suffers from shortage of water. 
Even if the crop pays during certain years, to safeguard the larger interests 
of the cotton growers, its cultivation in summer months should be stopped 
by all possible measures. 

Tree cotton 

There is hardly any propriety of growing perennial cotton except as fancy 
or to have some quantity of lint for preparing wicks for lamps in the daily 
vmrship of family gods. There are only stray plants but they are capable of 
harbouring the pests. By explaining the possible danger from the tree cotton 
people could be persuaded to remove them. 

Other food plants 

Some alternative host plants grow" in flow^er or fruit gardens. They are of 
no economic importance. They are allowed to grow" as perhaps it is not realized 
that they serve as sources of reinfection of cotton pests. If the gardeii-owmers 
are made aware of the possible harm from these plants, there should be no 
difficulty in inducing them to keep their gardens free from them. 

In short, it does not seem to be very difficult to starve out the bolhvorms 
during the non-cotton growing period by adopting the clean-up measures. 

Summary 

Three types of cotton bollworms, i.e. the pink boilworm {Platyedra gassy-, 
Saund.), the spotted bolhvorm (E arias fabia Stoll.) and the American 
boilworm {Heliothis obsoleta Fabr.) are found to attack cotton in the Central 
Provinces and Berar. 

Spotted boilworm is carried over from one season to another by the 
alternative food plants such as H. esculentus, H, panduriformis, H. sabdarifa, 
Abutilon^ hollyhock, perennial and stmy cotton plants. 

The status and behaviour of the spotted bolhvonii is the same as in Gujrat 
and adoption of clean-up measures is the only w"ay of its control. 

Kapas of late pickings harbours a fairly good number of pink boilworm 
larvae but the practice of selling it aw"ay before summer and the severe heat of 
the season make it difficult for the pest to ' carry-over h 

The pink bollw"orm larvae do not hibernate in the cotton seed to the extent 
necessary to carry infection to the next year. 

Cotton stalks stored for fuel provide place for some larvae to aestivate 
and there emerge as moths in June and July but for w^ant of growm-up food 
plants during these months their activity is retarded. 

In the province, as most of the rain is received during July and x4ugust, 
it is very detrimental to the larvae in the soil and moths in the field. 

Stray volunteer cotton plants and the tree cotton plants harbour many 
pink bollwonn larvae during June and July but the number of such plants 
is too small to apprehend any danger of heavy reinfestation. They .how- 
ever, serve as food for the pink bolhvorm during the critical period. 

Early removal of cotton stalks after the last picking and prevention of 
volunteer cotton and tree cotton and disposal of all before Jlav are 

the methods to prevent any serious damage by the pink boilworm . 
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APPENDIX I 
Table A 


Average monthly rainfall at Nagpur and Ahola 


Month 

Average of 61 
years at 
Nagpui* 

Average of 6 
years at 
Akola 

April 

0*39 

0*01 

May ........ 

0-77 

0*52 

June ........ 

7*88 

4*17 

July . . . . 

13*21 

8-12 

August . . . ... 

11*90 

7-30 

September . 

9*56 

7-99 

October ........ 

3*64 

2-61 

November ....... 

0*21 

1-26 

December . . . . . . . 

0 *59 

0*11 

January . . . ..... 

0*05 

0-04 

February 

0*13 

0 -29 

March . . . . . . 

0*11 

0-02 


Table B 

Average monthly humidity at Ahola 


Month 

Year 

1934 

1935 

1936 

January . 

57 *5 

62*2 

53-7 

February 

37 *0 

49*0 

72 -7 

March , . • • . ■/ . 

31 *0 

28*0 

42 *5 

April 

28*0 

34*0 

27 *0 

May , . 

19*5 

20 *5 

35*5 

J line 

30-5 

62*6 

^ 77*2 

July. . . . . 

1 83-6 

89*0 

85*4 

August . ' ; , . ' . 

! 86 *8 

85 *4 

82*0 

September . . 

87 ‘5 

84 *2 

85*1 

October 

62 *0 

62*8 

65 *7 

November 

68*8 

55*5 

72*6 

December . . . 

66*1 

62 *4 

69 *9 
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APPENDIX II 
Table A 

BoUworm population in standing crop 



Month and year 

No. of 

No. of 
buds and 

No. and species of larvae found 

Locality 

of 

examination 

plants 

examined 

bolls 

examined 

E, fabia 

P. gossy- 

piella 

M, ohso- 
leta 

Akola , 

September 1935 

600 

5292 

17 

0 

54' 


October „ 

600 

5308 

142 

21 

18 


November „ 

600 

3746 

401 

86 

0 


December „ 

750 

3660 

446 

153 

0 


January 1936 

600 

3203 

185 

402 

1 


September „ 

100 

1448 

3 

1 

1 


October „ 

100 

1400 

56 

10 

0 


November „ 

100 

398 

25 

47 

0 


December „ 

100 

905 

, 27 

39 

0 


August 1934 

In situ 
No. of 
plants not 
recorded 

3302 

6 

0 

0 

Nagpur 

September 1934 

Do 

24804 

36 

0 

2 


October „ 

Do 

24676 

188 

0 

22 


November „ 

Do 

16393 

444 

4 

1 


December „ 

Do 

15505 

780 

67 

0 


September 1935 

300 

10833 

111 

0 

0 


October „ 

200 

3061 

28 ■ 


0 


November „ i 

400 

5569 

109 

9 , 

0' ' ' 


December „ 

500 

5541 

129 

53 ! 

0 


January 1936 

! 400 

5514 

95 

29 ■' 

O' . 


February „ 

1 200 

2514 

40 

■ . '6 ' i 

' , 0, , 


i August 5 , 

150 

280 

0 

o' ''j 

0 


September ,, 

600 

4286 

2 

Vo ; 

2 


October „ 

600 

5235 

42 

, ,8 1 

1 


November „ 

750 

3470 

131 

, 15 , 1 

0 


December „ 

600 

2078 

98 

. 16 . 1 
i 

0 


January 1937 

300 

929 

'17 ; ^ 

"3', 

0 


Table VIII(a) 

‘ Sampling ’ and ‘ within samples ’ variances for each week’s observations for number of cvtlms, 1935 — dO 
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t Significant at 6 per cent level j Significant at 1 per cent level 
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Table IX(a) 


Analysis of ‘ within sample ’ variance into the variance ‘ between pairs ’ of bunches 
and variance ‘ within pairs ’ of bunches for a few occasions, 1934 




Culms 

Height 


Due to 

I). F. 

Ho. of week 

Ho. of week 

Paddy 

yield 


1 

9 

13 

1 

18 


1 

Between pairs . , ! 

90 

1 -51 

4-14 


3-12 

7 -41 

1 

69 -40$ 

31-54t 

Within pairs . . ■ 

120 

2*00 

4-25 ' 


3*04 

6-61 1 

1 

1 

36-52 

20-73 


Table IX(b) 

Analysis of ‘ within sampde ’ variance into variance ‘ between pairs ’ of bunches 
and variance ‘ within pairs ’ of bunches for a few occasions, 1937—40 




1937 


1940 


, 

15th week 

1938 

Paddy 

9th week 

Due to 

D.F. 

Height 

Straw 

yield 

yield 

Height 

Steaw 

yield 

Betw^een pairs 

r“"~ 

144 

70 -093: 

49 •67t 

31-30 

25 -93t 

16-893: 

Within pairs 

192 

! 

44 *97 

. 38-21 

24 -68 

1 

17 -94 

I j. 1, 

11 *30 


t Significant at 6 per cent level $ Significant at 1 per cent level 


Summary akb ooKcuusioiT 

Growth observations on rice were made at the Karjat Rice Breeding 
Station, Karjat, for the years 193^40. In 1934 the observations were made 
on two sets of plots, one of which was planted regularly and the o her y ^^e 
cultivator’s method. Observations regarding -the number of cuhns per bunch, 
height and number of leaves were recorded at intervals of a week for individual 
bunches, sampling units of eight bunches being chosen at random from the 
plots. At the time of harvest, the bunches chosen were sep^ately cut and 
panicle length, straw yield and paddy yield were also recorded for each bunch. 

For the regularly planted crop a linear samphng umt of eight bunches 
was adopted throughout while for the irregular crop m 1934 a square^ yard 
sampling structure was adopted where eight bunches along the frame ot the 

square yard were observed. ^ ^ 

The results of 1934 observations indicated tha,t there was no matenai 

advantage in dividing the plots into sub-plots especially for . 

regularly. The regular and irregular crops exhibited significant differences m 
their features. The number of culms was higher for the regular crop but the 
regular crop was the taller of the two during the later stages of growth. 
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Table X(b) 

Height and harvest characters 

Sampling, experimental dtnd non-sampling experimental errors and efficiency for all observations, 1934 — 40 
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The panicle length at harvest of the irregular crop was shorter. There was no 
significant difference between the two crops in paddy yield ; the irregular 
crop, however, gave a greater straw yield. Bunches within the same sample 
showed a positive correlation indicating the need for modifying the structure 
of the sampling unit. 

The sampling was, however, found to be fairly efficient, as indicated by the 
percentage information obtained on each occasion. It is thus hoped that with 
a revised structure of the sampling unit, the same percentage for sampling may 
prove sufficient for sampling the crop. 

Lastly, the actual yields of plots have been compared with yields as esti- 
mated by sampling and the two were found to agree within three per cent 
except for the year 1936. 

As regards the modification in the linear sampling unit it is suggested that 
in future years the following structure may be tried. 


Mrst row 
Second row 


® ^ ^ X 0 XXX O X X 

Omit Omit Omit 

X X O XXX 0 X XX 0 
Omit omit Omit 


Each sample will consist of six bunches and four such sampling units may be 
taken &om each plot to keep the percentage sampled the same as hitherto. 

In concluding the authors desire to express their gratefulness to Dr L. A. 
Ramdas, Agricultural Meteorologist, for giving all the facilities required for 
such a cooperative effort of which the paper is the result. The keen interest 
which he showed at every stage of the investigation and analyses of the data 
afforded many opportunities to the authors to discuss the results with him and 
benefit by his suggestions and guidance. The authors also wish to record 
their thanks to the staff' of the Rice Breeding Station at Karjat for recording 
the observations. 


REFERENCES 

Kaiamkar, R. L and Sripal Singh {1935). A statistical examination of the yield of 
wheat at the Cawnpore Agricultural College Farm, Part I. Indian J. agric, Sci. 
5,346 

Russell, E. J. and Watson, D. J. (1940). The Rothamsted Field Experiments on the 
growth of Wheat: Imperial Bureau of Boil Science, Technical Communication 
No.40 , 

Kalandcar, R. J. (1932). A study in sampling technique with wheat. J. agric. Sci, 
22, 783 , ' ^ 

Yates, F. and Zacopanay, I. (1935). The estimation of the efficiency of sampling, with 
special reference to sampling for yield in cereal experiments. J. agric • Sci. 2B» 
546-77 


A NEW IMPORTANT PEST OE WHEAT CROP IN INDIA 

BY 

HEM SINGH PRUTHI 

Imperial Entomologist, Imperial Agricultural Research Institute, New Delhi 
(Bsceived for publioatioa oa 10 February 1943) 

(With one text-figure) 


’n^HEAl crop in India has been rather free from any serious insect pest ex- 
VV cept sometime for the attack of termites in the seedling stage. The Penta- 
toimd bug Eurygaster Linn. (Eig. 1) and the allied specie! E. integriceps 
Put., E. hottentota F. and E. austriaca Schr. a 

are known to be serious pests of wheat crop 
and other cereals in the Middle East — Syxi^ 

Iraq, Persia, Transcaspia, etc. and in central 
Europe and southern Russia [Sorauer, 1932]. 

The pest, however, is more widely distributed 
and is of some importance in almost whole of 
the European continent. North Africa, Cau- 
casus, Siberia, Japan, China, East Indies, 

Canada, etc. [Oshanin, 1904]. During his 
recent visit to Tehran, the writer learnt from 
the Plant Protection Officer of Persia that 
Eurygaster was one of their most serious 
pests. It is probable that Eurygaster also 
occurs in Afghanistan. 

In India, the Imperial Pusa Collection 
contains specimens collected in 1919 and Fig. 1. 

1920. The first report of E. maura doing 

4 - 4 - 4 - 1 . T Rasul P . 0., Kulu, sent some specimens of this 

pest to the Imperial Entomologist for identification and advice. N?fS? 

l eport of damage was received though the Imperial Pusa Collection contains 
some specimens coUected from wheat ears at Fort Sandeman in June 1937 

tTn tenWo^TdeSoJon the Agricultural Officer, Baluchis- 

^n, sent lor identification some specimens of E. maura to the IruTippifli 

SSrSoTteX's'vl," of W 

certain parts of the Zhob Valley and were considered to have caused areat 

a+ rh agam m evidence in that area during May 1941 and 

at the same time in 1942,as is reported in the monthly diaS of the DirecT^c 

wi Entomologist collected by his assistant from 

wh at and barley plants while on tour in Baluchistan in April 1941. Thus 
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there is. no doubt that the pest is fully . established in Baluchistan though 
fortunately yet in a limited area^ viz. Zhob district*'. 

On account of the proximity of h[orth-West Frontier Province to Zhob 
district and the fact that its climate is somewhat- .similar to that of Baluchistan 
and the Middle East countries^ the writer seriously suspects that the pest also 
occurs in that Province. 

Very little is yet known of the biology ^ life and seasonal history of the 
pest in India, but a great deal of information has been gathered in other 
countries which is summarized below.' 

This pest is known in the Paiaearctie regio;a since long time and has 
occurred in epidemic form in several countries during the last 20 years. Serious 
damage to wheat crop as a result of outbreak of this pest wa>s reported from 
Hungary in 1931 [Manninger and Manninger Jr., 1934] ; from the province 
of Verona in Italy [Malenotti, 1933] ; and from northern Caucasus [Arkha.ngel- 
skii, 1941]. The adult bugs are imowm to migrate from mountainous regions 
where they pass the late summer and wdnter to infest wheat fields in the plains 
in April wdieii atmospheric temperature is 18°--24^C. This migration some- 
times takes place in very large numbers, almost forming swarms. The bugs 
actively suck the juices of wheat plants tliroiigliout the day, passing the 
night under dry leaves or in other hiding places. As a result of their attack, 
the plants become stunted in growth and eventually wilt. Copulation takes 
place in 4-6 weeks after the appearance of the adults in the plains. The 
females lay their eggs generally on the lower part of the young w^heat plants 
early in spring. A single female lays up to .180 eggs in batches of about a 
dozen each. The eggs are at first green in colour, but later on turn black. 
The incubation period of the egg is 10-14 days. The newly hatched nymphs 
suck in the beginning on the upper part of the young shoots, later on the in** 
festation from thence spreads to the ears \¥hen the grains are in ‘ milky ' stage, 
causing them to turn white. The infestation spreads from one field to another, 
and continues up to harvest time, by which time the bugs are also fully grown. 
It is stated that as a result of feeding by the bugs, apart from the effect of 
desapping, the affected shoots and the young ears are killed owing to the 
introduction of a proteolytic enzyme into the tissues resulting in the arrest- 
ation of the formation of seed [Manninger and Manninger Jr., 1933], Thus, 
the quality of gluten in the affected wheat grain is very much depreciated 
and the flour obtained from it becomes unsuitable for baMng purposes [Man- 
ninger and Manninger Jr., 1933; Schulze, 1936; and Arkha»ngelskii, 1941]. 
This happens even if about 5 per cent of the grains are punctured. After the 
wheat crop is harvested, the adults go back to their winter-quarters in the hills 
where they hibernate under fallen leaves in forests, dense growth of vegetation, 
protective strips of trees, or under lumps of soil up to a depth of 50 cm. With 
the rise of temperature in spring, the bugs once again become active and 
fly about in swarms towards the plains to infest the wheat crop as described 
above. Besides wheat, the hosts of the pest are a variety of other cereals, 
e.g., oats, maize, barley, several grasses (Gramineae), weeds of the families 
Cyperaceae, UmbeUiferae, Compositae, etc. [Schulze, 1936], and sunn-hemp 
{Grotalana juncea) in Mesopotamia [Silvestri, 1934]. 

Important natural enemies of this bug include Scelionid egg-parasites 
of the genus Telenom%s which are considered to be very efficient in as much 
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as they can parasitize up to 96 per cent of the host-eggs, two genera of Tachi- 
nids, viz. Phasia and Clytiomyia and an Asilid [Dobrovolsid, 1913 ; Male- 
notti, 1933 ; Tischler, 1938]. It is also interesting to note that Chappellier 
[1923] found a large number of nymphs of this bug in the body of the nest- 
lings of the common rook. 

The control of this pest on a field scale has been attempted in several 
countries. In most cases effort is made to kill the pest by strong sprays or 
actually burning the rubbish in the hills harbouring the pest during winter. 
The places where the pest hibernates or aestivates are sought with a view to 
effectively Inlhug it. In the plains, the compulsory collection (by law) of these 
bugs in receptacles containing a contact poison has been reported to be use- 
ful. The other methods of control [Arkhangelskii, 1941] recommended are 
(i) ploughing the stubbles in harvested fields up to a depth of 8 in., followed 
by harrowing; (ii) spraying the affected plants with 5 per cent solution of 
barium chloride ; (in) growing grasses as trap-crops and spraying them with 
pyrethrum ; and (iv) artificial breeding and liberation of the egg-parasites, 
Telenomus spp. 

It need hardly be emphasized that it is very essential that the pest should 
be carefully studied in Baluchistan throughout the year to determine its season- 
al-history and alternate food-plants. Then it would be possible to devise 
suitable measures for its control as well as agamst its spread to other areas. 
The past should also be looked for in the North-West Frontief Province, and 
the Punjab (Kulu and other hilly and sub -mountainous areas) ; and careful 
vigilance should be exercised over its increase in numbers. In view of its 
seasonal and life-history in other countries, its migratory habits and the 
variety of its alternate food-plants, the writer fears that it will be very 
difficult to control the pest if it once gets established in India. 
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Ij COTTON BOT.L^VORMS JK THE CiKNTKAL PROVINCES AND RBIRAR 

Table B 

Bollwnrm population in shed forms 


Locality 

> 

Month, and year 
of 

examination 

Total 
No. of 
plants 

J examined 

Total 
number 
of shed 
buds and 
i bolls 

1 examined 

Number 

md species 
found 

of la,r\^ae 

E. fabia 

P. gossy- 
pidla 

1 

P. ohso’ 
leMi 

Akola 

April 1935 

350 

1487 



85 

3 

0 


May . ,, 

350 

725 

14 

0 

0 


June ,, 

350 

24 

0 

0 

0 

1 

September ,, 

500 1 

1062 ^ 

i 

17 

0 i 

50 


October ,, 

500 

2134 

121 

3 

' 38 

j 

November ,, 

500 

■ 1016 . I 

216 

3 

0 


December ,, 

500 

429 i 

80 


0 

; 

January 1936 

500 

369 1 

38 

27 

0 

Nagpur '1 

September 1935 

300 

465 1 

29 

1 

1 


October ,, | 

300 

2417 

25 

0 

2 


November „ 1 

300 ■ 1 

1242 

33 

0 

0 



DIFFERENTIATION OF HYDROGEN CLAYS AND 
HYDROGPiN BENTONITES AND IDENTIFICATION 
OF MINERAL CONSTITUENTS CONTAINED 
IN THEM BY ELECTRO-CHEMICAL 
METHODS 

II. MONTMORILLONITIC CLAYS AND BENTONITES* 

BY 

R. P. MITRA, D.So.** 

S. N. BAGCHI, M.Sc.f 
S. P. RAY, M.Sc. 

AND 

SANKARANANDA MUKHERJEE, M.Sc. 

Physical Chemistry Laboratory, University College of Science ani Technology, 

Calcutta 

(Received for publication on 30 April 1942) 

(With five text-figures) 

I N the previous part [Mukherjee, Mitra, Bagchi and Mitra, 1942] the eleetro- 
chemical features of kaolinite and some kaolinitic hydrogen clays have been 
discussed. This part deals with one hydrogen clay and two hydrogen bento- 
nites prepared from entire clay fractions which gave dehydration curves 
similar to that of montmoriUonitic clay minerals. Results obtained 
with six sub-fractions isolated from one of the entire hydrogen bentonite 
fractions have also been presented. Particulars regarding the hydrogen 
clay and the hydrogen bentonites have been given in Table I. Investigations 
on the viscous and related properties of bentonites are being carried 
out in this laboratory under a scheme of research financed by the Assam Oil 
Company and some results have been published el ewhere [Mukherjee and 
Sen Gupta, 1940 ; Mukherjee, Sen Gupta and Reid, 1940]. The present in- 
vestigation is mainly concerned with the electro-chemical properties of these 
systems and the importance of the electro-chemical data in differentiating hy- 
drogen clays and hydrogen bentonites and also in identifying their principal 
mineral constituents. 


*Most of the revsults givea in this paper have been taken from the published Annual 
Report for 1939-40 on the working of a scheme of Research into the Properties of Colloid 
Soil Constituents financed by the Imperial Council of Agricultural Research, India, and 
directed by Professor J. N. Mukherjee 

♦Senior Assistant Soil Chemist under the above scheme 
I Assistant Physical Chemist 
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Table I 


Particulars regarding hydrogen clay and hydrogen bentonites used 


Description of soil or bentonite from 
which the hydrogen clay or hydrogen 
bentonite was isolated 

Reference number of 
corresponding hydro- 
gen clay or hydrogen 
bentonite 

Equivalent spheri- 
cal diameter in 
microns 

Nondateritic calcareous soil (B-type) 
from Government farm at Padegaon 
(Lab. No. 46) 

Padegaon-B 

• 

<2.0* ' 

white bentonite from Bhadres (Lab. No. 
B. 0. C. 3) 

Bhadres-B 

. 

<2 -O* 

Grey white bentonite from Hati-ki-Dhani 
(Lab. No. B. O. C. 1) 

Hati-ki-Dhani-B 

<2 -0* 

Do. .... 

j Do. 

B, . 

0 -6 to 1 -0 

Do. ... 

Do. 

B, . 

0 -26 to 0 -5 

Do. . . . 

Do. 

B, . 

0-10 to 0-25 

Do. .... 

Do. 

B. . j 

0-05 to 0-10 

Do. , . . 

Do. 

B* . 

0 -025 to 0 -06 

Do. 

Do. 

B, . 1 

0 -02.5 


♦Entire clay fractions 


Experimental 

The methods of preparation of the hydrogen clays and hydrogen bento- 
nites, their electrometric titration with bases and fusion analysis have been 
full described elsewhere [Mitra, 1936, 1940]. For the separation of the six 
sub-fractions from the entire hydrogen bentonite fraction Hati-M-Dhani-B, 
Ayres’ method as described by Whitt and Baver [1937] was followed. The 
dehydration curves were obtained by the method of Kelley et al. [1936]. 

Results 

(a) Properties of entire hydrogen clay and hydrogen bentonite fractions 

The results of fusion analysis and the base exchange capacities (per 100 
gm.) calculated from titration curves in the presence and absence of salts have 
been given in Tables II and III. The titration curves are shown in Figs. 1, 2 
and 3 and the dehydration curves in Fig. 4, 
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Unlike the dehydration curves which have more or less the same form 
and resemble those of montmorillonitic clay minerals [Kelley, et aL 1936], 
the titration cux’ves show very dissimilar features. These are summarked 
in Table III-A.’** 



Fig, 1. Potentiometric titration curves of Padegaon-B with dii^erent bases 

Table II 

Chemical (ompositions of entire hydrogen day and hydrogen bentonites on the 

-ignited base 


Reference number of hydro- 
gen clay or hydrogen 
bentonite 

SiO, 

(per cent) 

•^ 1 36^8 
(per cent) 

FOgOg 
(per cent) 

SiO^ 

SiOs : ; 

AlgOg 

112 ^"^ 3 ' 

Padegaon-B 

56 -4 

26-7 

16 *9 

,, :\3'*58 ■ 


Bhadres-B 

60-4 

35-0 

4*4 

; \ 2. -93 ■' 

2-70 

Etati-ki-Bhani-B 

69-0 

29*0 

9-6 

■3-46:":: 

",."i 

2 -86 


♦For detailed discussions of the features of titration curves of hydrogen clays obtained 
from various Indian soils, the reader is referred to Mitra [1936, 1940], Mukherjee, Mitra 
and Mukherjee [1937] and Mukherjee, Mitra, Chatterjee and Mukherjee [1943] 
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M, e. base per 100 gm. 


Fig. 2. Potentiometric titration curves with diKerent bases of hydrogen bentonite 

Hati-ki>Dhani-B 

Table III 

Base exchange capacities of entire hydrogen clay and hydrogen bentonites 
calcnlated from titration ciirves 


Base exchange capacity in m. e. base for 100 gm. oven dried 
colloid using 



NaOI 

[ 

Ba(OH) 

2 

Ca(OH) 


System 

At inflexion 
point 

Mt 

7 *0 

At inflexion 
jpH point 

At 

jpH 

7*0 

At inflexion, 
point 

At 

pH 

7*0 

Padegaon-B 

57 -0(7 -4)* 

53 -5 

89 -0(8 -06) 

74 *0 

94 *0(8 -I) 

82-0 

Bhadres-B . 

52 -5(8 -1) 

27-5 

71 *0(7 *4) 

67 *5 

72 *0(6 *85) 

72-5' 

Hati-ki-Dhani-B . 

62 *5(8 -8) 

30*0 

66*2(7*3) 

64*8 

70*2(7*2) , 

1 

■ j 

69*2 

Hati-ki-Dhani-B+O -UV 
NaCl 

74 *5(6 -8) 

76*0 

* * 



Hati-ki-Dhani-B+O -IN 

BaCljj : 


• • 

89*0(7*0) 

89*0 


'# . 

H!ati-ki-Dhani-B+0 •lAT | 
.'vCaClsj ■ : 





82*5(7*0) 

! , ■ ■ , ■ j 

■ 82 *6' 


*Thefiguresinbracketsdenotethe^H at the inflexion point; the base exchange 
capacities of the Hati-ki-Dhani-B series at the second inflexion point have been given# 



Fig. 3. Pot entiorae trie titration curves with different bases of hydrogen bentonite 

Bhadres-B 

Table III~A 



Nature of titration curve with 

Sj^stem 

i ’ 1 

1 NaOH 1 

' ^ ' -■ , : ! 

Ba(OH)2 

Ca(OH)j 

Padegaon*B . 

Weak, monobasic | 

Strong, monobasic . 

Strong, monobasic 

Bhadres-B . . 

Weak, monobasic 

Weak, monobasic 

Weak, monobasic 

Hati-ki-Dhani-B 

Moderately strong, 
dibasic 

Moderately strong, 
dibasic 

Moderately strong 

dibasic 
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Fig. 4. Dehydration curves of hydrogen clay and hydrogen bentonites 

Interesting correlations between the nature of the titration curves and some 
viscous properties of hydrogen bentonites have been observed by 
Mukherjee, Sen Gupta and Reid [1940]. According to them, dibasic bento- 
nites such as Hati-ki-Dhani-B are more suitable as drilling muds than the 
monobasic ones, e.g. Bhadres-B. 

The base exchange capacities, calculated from the titration curves, 
have comparatively high values (Table III) as is to be expected in the case of 
montmorillonitic clays. 

The data recorded in Table II show that Padegaon-B, Hati-ki-Dhani-B 
and Bhadres-B have markedly different chemical compositions. The percent- 
ages of AljOg and PegOg in the two hydrogen bentonites are materially differ- 
ent. Their SiOg/RgOg ratios and the SiOg/AljOg ratio of Bhadres-B appro- 
ximate those of beidellite rather than montmorillonite. A part of the A1 of 
the gibbsite layer may have been replaced by Fe, especially in Hati-ki-Dhani-B. 
It would explain the slightly higher value of the SiOg/AljOg ratio of Hati- 
ki-Dhani-B compared with that of beidellite. Presence of iron oxide is possible 
particularly in the hydrogen clay Padegaon-B which has a comparatively 
large percentage of Fe, and would account for the observation that both the 
SiOj/AlgOg and SiOg/RgOg ratios of this hydrogen clay differ materially 
from the corresponding ratios calculated for either montmorillonite or beidellite. 
These explanations, however, must be accepted with reservation in view of the 
heterogeneous character of the entire clay fraction and the possibility of its 
containing more than one clay mineral. The various sub-fractions of the 
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entire clay may not necessarily contain one and the same clay mineral (see 
next section ; also, Mitra [1942]) and in such cases the average results of fusion 
analysis and dehydration studies obtained with the ensemble (i.e. the entire 
clay fraction) are of little value for the differentiation and identification of 
its various mineral constituents. 

Apart from the differences mentioned above the two hydrogen bentonites 
reveal the following common features also observed by us with hydrogen clays 
[Mitra, 1936, 1940 ; Mitra, Mukherjee (S) and Bagchi, 1940 ; Mukherjee (J. N.), 
Mitra and Mukherjee (S), 1937]. 

(i) The base exchange capacity depends on |)H and cation effects. The p'R 
effect is brought out by the fact that the greater the pR the greater is the base 
exchange capacity calculated from the titration curves. The cation effect is 
illustrated by (a) the dependence on the cation of the base of the base exchange 
capacity calculated at the inflexion point of the titration curves and more 
strikingly at a fixed jpH, e.g. 7*0 and (b) by the much higher base exchange 
capacity obtained on titration in the presence of a large concentration of a 
neutral salt than in its absence (Table III). In the absence of salts the 
base exchange capacity decreases in order Ca(OH) 2 > Ba(OH)a> NaOH 
which, however, the changes to Ba(OH) 2 > Ca(OH) 2 >NaOH in the presence 
of a fixed concentration of the corresponding salts. In the presence of salts 
the cation effect Ba"^ > Ca'^- + > Na+ is regular in the sense that it follows the 
ly otrope series and is determined by the order of electrical adsorption of the 
cations [Mukherjee, 1922] together with their hydration envelopes. In the 
absence of salts the cations are probably adsorbed in a dehydrated condition 
which accounts for the irregular or specific cation effect, irregular in the sense 
that it does not follow the lyotrope series, operating under these conditions. 

{ii) The titration curves with NaOH, Ba(OH )2 and Ca(OH )2 of any one 
of the two hydrogen bentonites though showing the same broad features are 
not mutually superimposable but have very different slopes at one and the same 
j>H. The buffer capacity (at a given jpH) which is the reciprocal of this slope 
follows the order Ca(OH) 2 > Ba(OH) 2 > NaOH, in agreement with the irregular 
cation effect. 

(Hi) The ratio of the free acid (i.e. the H+ ion concentration*) to the total 
neutralizable acid calculated at the inflexion point is, with both hydrogen 
bentonites, of the order of 10-^. This in the classical sense means that the acids 
are very weakly dissociated. The titration curves of Bhadres-B present fea- 
tures which are in harmony with this conclusion. Those of Hati-ki-Dhani-B, 
however, instead of showing a weak acid character have the appearance of the 
titration curve of a moderately strong dibasic acid. 

(6) Properties of sub-fractions of hydrogen bentonite 

The chem'cal compositions and the base exchange capacities (per 100 gm. 
and per sq. cm. of the average external surface) calculated at the second inflexion 
point of potentionietric titration curves with NaOH are given in Tables IV 
and V. Fig. 5 shows the titration curves of four out of the six sub-fractions. 
The dehydration curves of the sub-fractions have not been separately 
determined: 

*The H+ion concentration depends on the amount of the disperse phase in a given 
volume of the sol. In this work, 2 *5 per cent suspensions were used 
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M. e. NaoH per 100 gm. of colloi4 


Fia. 5. Potentiometric titration curves with NaOH of sub-fractions of hydrogen 

bentonite 

Table IV 


Chemical convpositions of sub-fractions of hydrogen bentonite 



Reference No. of 

r Cheinical composition (on the ignited basis) 

Reference No. of 
sub -fraction 

corresponding 
hydrogen bentonite 

SiOj 

(per 

cent) 

A 1 2 O 3 
(per 
cent) 

Fe.Oa 

(per 

cent) 

a 1 gO-j 

SiOa 

1 

Hati-ki-Dhani-Bj . 

58 ;8 

28 '5 

11 -2 

3 -51 

2*63 


B, . 

58 -3 

22*1 

15*4 

4*4,6.. 

3 -08 

3 

B 3 . 

58 *4 

23-9 

15 *3 

4 - 15 

2 •96 

■ 

B, . 

58 -4 

24 ‘6 

14*5 

4 -04 : 

2-88 


B, . 

56-7 

31 *4 

9-3 

3 -07 i 

2*68 


B, . 

60*6 

23 d) 

14 '4 

4 -48 

3-21 
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Table V 


surface of sub-fractions of 


Base exchange ca^actties ‘per gm. and per sq. cm 

hydrogen bentonite 


The different sub-fractions do not have identical properties. The varia^ 
tions with diminishing particle size may be summed up as follows 


’^‘The figures in brackets denote th©^?H at the second inflexion point 


Reference 
number of 
sub-fraction 

Reference number of hydrogen 
bentonite 

Base exchange capacity at 
second inflexion point of 
titration curve with 
NaOH 


Per gm. 

Per sq. cm. 
of surface X 10^ 

1 

Hati-ki-Dhani-Bj . . • 

0-49(8 -38)* 

166-0 

2 

B, . . . 

0*58(8 *13) 

98-0 

3 ' 1 

B, ... 

0*59(8*13) 

44 *5 

' 4 

B 4 

0*62(8*10) 

21 *0 

■ r> 

. . . 

0*55(8 -13) 

9 *5 

6 

B, . . 

0*75(8*33) 

<8 *5 



Base exchange capacity 

/■ 

Chemical composition 

Pergm. 

Per sq.cm, of sur- 
face 

Foi‘m of titration 
curves 

Variations though defi- 
nite are not regular. . 
They are very marked | 
for fraction one and es- I 
pecially fraction five 1 

Increases except 
for fraction five 

Decreases . 

Similar except for 
fraction one and 
especially frac- 
tion five 
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Judging from the silica-alumina ratios, sub-fractions 2,8, 4 and 6 are likely 
to contain montiiiorillonite. Their titration curves have the same form. Fe is 
perhaps mainly present as free ferric oxide in them. The slightly higher 
values of the above ratio than 4-0 be due to the presence of some free 
silica and/or the replacement of a small fraction of the gibbsitic A1 for Fe. 
The ratios of these fractions, on the other hand, also admit of the 

explanation that the37'’are maiiilj^ made up of beideliite whose Al has been 
partially replaced by Fe. The SiOg/AlgOg ratio of fractions 1 and 5 is nearer 
to that of beideliite than niontmorillonite. The agreement is very close in the 
case of fraction 5. This considered with the fact that fraction 1 and especially 
fraction 5 give titration curves which have markedly dissimilar features 
compared with the other four sub-fractions suggests that the above two frac- 
tions are made up of a different mineral, perhaps beideliite. The Fe is 
mainl}^ present in them as free ferric oxide. Fraction 5, in particular, 
appears to be made up of beideliite and small quantities of free ferric oxide. 
Unpublished work of Mr S. N. Bagchi shows that fraction 5 has refractive 
index and appearance under the microscope quite different from the other 
fractions. 

The differences in the base exchange capacities of the various fractions 
may be due, at least in part, to their having different specific surfaces. 
Where the chemical composition does not show material differences as in the 
case of fractions 2, 3, 4 and 6, the difference in the base exchange capacity 
may arise from this cause. The finer the fraction the greater will be the 
base exchange capacity, assuming that the interaction with the base is confined 
to the outer surface. The results given in Table V, on the other hand, 
show that the base exchange capacity calculated per sq. cm. of the external 
surface (Ts) increases with the particle size. A constant value of Ts would be 
observed if the base exchange capacity were determined by the external 
surface alone. The variations actually observed show that the reaction ‘with 
the base is not confined to the outer surface. The particles have considerable 
inner surfaces and/or fresh layers are progressively exposed as the reaction 
with the alkali proceeds. 

SUMMARZ 

Two hydrogen bentonites and one hydrogen claj^ prepared from two 
Indian bentonites and a calcareous soil from Padegaon (Poona) which give 
dehydration curves similar to those of montmorillonitic clay minerals have 
different chemical compositions and their titration curves with bases show 
markedly dissimilar features. One of the hydrogen bentonites behaves as a 
weak monobasic acid, and the other as a moderately strong dibasic acid judged 
from the nature of the titration curves with NaOH, Ba(OH )2 a,nd Ca(OH) 2 . 
The NaOH curve reveals a w^eak monobasic acid character of the hydrogen 
clay. Its Ba(OH )2 and Ca(OH )2 curves have the appearance of that of a 
strong monobasic acid. 

Four out of six sub-fractions of the dibasic hydrogen bentonite have ap- 
proximately the same chemical composition and their titration curves have 
practically the same form. The remaining two sub-fractions, especially one 
of them, have quite different chemical compositions, and their titration curves 
present features not observed in those of the other four sub-fractions. 
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FRACTIONATION OF SOIL PHOSPHORUS 

I. METHOD OF EXTRACTION 


BY 
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Department of Soil Science, Dacca Unimrsity 
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(With three text-figures) 

r\EAN [1938] in an attempted fractionation of the soil phosphorus showed 
t-^that by extracting the soil successively with alkali and acid, it was 
possible to divide the phosphorus compounds of the soil into three broad divi- 
sions, viz. {a) organic compounds soluble in sodium hydroxide, {h) inorganic 
compounds dissolved by sodium hydroxide followed by an 'acid, and (c) in- 
soluble compounds. The methods of extraction and determination of the 
fractions adopted by him were more or less empirical in nature. This study 
was undertaken at the Rothamsted Experimental Station as an extension on 
Dean’s work carried out in the same laboratory. In a method of fraction- 
ation which is based on extraction, it is essential that the extraction should 
be as thorough and complete as possible and that there should not be any 
transformation of one fraction into the other during extraction and determi- 
nation. The object of the present work was to make a critical examination 
of the method employed by Dean with special reference to the conditions of 
extraction. In an earlier communication by the author [Ghani, 1942] an 
improved procedure for the determination of organic phosphorus in the alkali- 
soluble fraction has been described. 

Removal op exchakoeable bases bepobe alkali exteactiok 

It was repeatedly observed by the earlier workers that alkali-soluble 
phosphorus increased if the soil was treated with a dilute acid. The effect 
of the acid upon the soil may be partly to break up soil particles and thus 
expose more phosphate to the subsequent alkali extraction and partly to 
remove exchangeable calcium which would otherwise precipitate a part of 
the phosphorus dissolved by the alkali. Schollenberger [1918, 1920] in his 
study of the soil organic phosphorus used different acids of varying strength 
for pretreating the soil before ammonia extraction and found that alkali- 
soluble phosphorus was the highest with one per cent hydrochloric acid pre- 
treatment. Potter and Benton [1916] used NjB HCl for the purpose. 
Williams [1937] and Dean [1938] leached the soil with normal ammonium 
acetate and semi -normal sodium acetate respectively as a preliminary to 
soda extraction. In many of the neutral and calcareous soils such treatments 
were found to cause a large increase in the amounts of sodium hydroxide- 
soluble phosphorus and the effect increased significantly with pH values of 
soils, 
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In adopting a procedure where fractionation of the soil phosphorus is 
aimed at, the pretreating agent should effect complete removal of the ex- 
changeable bases without dissolving phosphorus, organic or inorganic, which 
would come under other categories. To this purpose the dilute mineral acids 
do not answer well. Hydrochloric acid, for example, dissolves appreciable 
amounts of iron phosphates and in some cases organic phosphorus as well. 
Dilute acetic acid, on the other hand, is known to dissolve only the readily 
available phosphorus of the soil in addition to the removal of exchangeable 
bases. Its use, therefore, in a scheme of fractionation serves the double 
purpose of removing the exchangeable bases and of getting the available 
phosphorus fraction. On trial it was found that Nj^ acetic acid dissolved 
the calcium phosphates almost fully but the phosphates of iron and alumi- 
nium were only slightly soluble. Moreover, determinations of organic 
phosphorus in the acetic acid extracts of about two dozens of organic soils 
showed that the amount of organic phosphorus dissolved by this reagent 
was in all cases negligible. A study of the comparative effectiveness of sodium 
acetate (used by Dean) and acetic acid as pretreating’ agents also showed 
that acetic acid pretreatment rendered more phosphorus alkali-soluble than 
did sodium acetate [Ghani, 1938]. 

Alkali extraction 

Gortner [1916] demonstrated that there might exist wide differences 
between the solvent action of different alkalies or different concentrations 
of the same alkali upon the organic matter of the soil. Sohollenberger[1918], 
from a comparison of the solvent action of the hydroxides of alkali metals 
and ammonia, showed that at the quarter normal concentration the fixed 
alkalies extracted more total phosphorus than did normal ammonia but about 
the same amount of organic phosphorus. In all cases the quarter normal 
solution dissolved more phosphorus than the normal solution. Sodium 
carbonate extracted less phosphorus than sodium hydroxide and potassium 
hydroxide. Williams [1937] found that even the weakest concentrations of 
sodium hydroxide extracted the greater part of the phosphorus from the 
soil and that with increasing strength of alkali the amount extracted was 
constant or showed a slight tendency to increase. This was specially true 
when the exchangeable calcium was removed by ammonium acetate pre- 
treatment. These evidences would indicate that quarter normal alkali can 
be used effectively for extracting the alkali -soluble phosphorus of the soil. 
This also reduces the possibility of the hydrolysis of the organic phosphorus 
compounds by a stronger alkali. The solvent action of .sodium carbonate 
and sodium hydroxide is compared below, the extraction being done by 
Dean’s procedure. 

Sodium carbonate and sodium hydroxide extraction 

Ten grammes of acetic acid pretreated soil were placed in a beaker con- 
taining 100 c.c. of NI4: sodium carbonate solution and digested overnight on a 
water-bath. The beaker was covered with a clock glass to reduce evaporation. 
The suspension was next Avashed into a .500 c.c. measuring flask, made to 
volume and then allowed to ^and for 24 hours. Inorganic and organic 
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phosphorus in the extract were determined on an aliquot of the siiperiiatant 
liquid by the method of Ghani [1942]. The extraction, with sodium, hydroxide 
was done exactly in the same way except that 5 gin. of soil were taken, instead 
of lOgm. The results for five soils are shown in Table I. 

Table I 


Sodium carbonate and sodium hydroxide soluble phosphorus 
(Mg. P 2 O 5 ^90 gm, of soil) 


kSoiI 

A 1441 
Broad 
balk 
head 
land 

A 1442 
Woburn 

„ 

A 1443 
Bangor 

A 3338 
Broadbalk 

^viklerness 

, 

A 2865 
King’s 
Lynn 

Inorganic — 






NagCOg 

39 

27 

65 

26 

■ „.,,, ,20.;, 

NaOH 

62 

41 

160 

40 

40 

Organic — - 

1 

! 




NagCOg 

33 

■ 19 

50 1 

18 

16 

NaOH .. 

64 

33 

I ■ 160, 

' ,56 ' 

32 

Total — 




' 


Na^CO, 

72 

46 

115 

. „ 44 , ■ 

' ■ 36 

NaOH .... 

126 1 

.74 

320 

96 

72 


It will he seen from the above table that sodium carbonate extracts 
m uch less phosphorus than sodium hydroxide. This is true for both the organic 
and inorganic fractions. The difference was supposed to be due to the different 
soil-solvent ratios adopted in the two extractions and hence the effect of soil- 
solvent ratio on the amount of alkali-soluble phosphorus was next investi- 
gated. 

Soil-solvent ratio 

Traps [1911] found that phosphorus extracted by nitric acid and 4 
per cent ammonia decreased as the quantity of soil used per 100 cm. of the 
solvents increased. Schollenbei’ger [1918] working with 4 per cent 
ammonia showed that soil-solvent ratio had no appreciable effect on the total 
amount of phosphorus extracted. . 

0*5, 1, 2, 5 and 10 gm. of soil were extracted with 100 c.c. of sodium 
carbonate according to the method akeady described and phosphorus both 
organic and inorganic determined in the extracts. The results are shown in 
■Tabldll. ■ ■ 
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Table II 

Soil-solvent ratio in sodium carbonate extraction 
(Mg. P2O5 pei- 100 gm. of soil) 


Boil-solvent ratio 

1/10 

1/20 

1/50 

1/100 

1/200 

A 1441 — Rothamsted 

Inorganic . 

39 

52 

f 

88 

76 , 

66 

Organic . 

33 

36 

37 

54 

84 

Total 

72 

88 

' 

125 

130 

150 

A 3328--Carbello 

Inorganic . 

30 

54 

78 ! 

82 

90 

Organic . 

|. 50 

56 

92 

88 

88 

Total 

80 

i 

110 

170 

170 

178 

A 3457 — Saxmundham 






1 

Inorganic , 

. 

27 

j 

37 

45 

51 

42 

Organic . 

11 

7 

20 

29 

38 

1 

Total . 1 

38 

44 

i 

1 

65 1 

I 

1 

80 

80 


The results show that the amount of phosphorus extracted increases 
as the soil-solvent ratio decreases. This observation holds true for the total, 
organic and inorganic phosphorus in the three soils studied, except that 
with soils No. 1441 and 3457, the inorganic fraction shows a tendency to 
decrease if less than 1 gm. of soil is used per 100 c.c. of the solvent. This 
discrepancy may, in all probability, be due to the sampling error involved 
in weighing out 0-5 gm. of soil. It will be noticed, however, that the in- 
crease in alkali soluble phosphorus is relatively small if the soil-solvent ratio 
is less than 1 : 100. This may, therefore, be taken as the suitable ratio in 
alkali extraction of soils. 

For comparison, the sodium hydroxide soluble phosphorus of the soils 
was determined using 1/100 and 1/20 ratios, The results are given in Table 
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Table III 

Soil-solvent ratio in NaOH, extraction 
(Mg. p2^5 of soil) 


Ratio 

1/20 

1 1/100 

i 

■A 1441-- 


1 

Inorganic . . . , , . . . , 

62 

80 

Organic . . . , , . , . , 

1 , 64 

1 

60 

Total 

126 

',,140, 

A 3328— ■ 



Inorganic ' . ■ . . • . ■ ■ . . . • ' 

, 96 

^ , , 100 

Organic . . . . . . . . . . ; 

140 

150, 

Total 

236 

250 

A 3457— 



Inorganic . . » • 

41 

55 

Organic 

19 

40 

Total 

60 

95 


A comparison of Tables II and III shows that sodium hydroxide-soluble 
phosphorus, both organic and inorganic, at the same soil-solvent ratios are 
in all cases greater than the corresponding values obtained with sodium 
carbonate. This indicates that sodium carbonate does not completely extract 
the whole of the phosphorus that is supposed to fall in the alkali soluble cate- 

go^*, ' 

' TeMPEBATIJEE OF EXTEACTI0N ■ 

' In the earlier works of Traps [1911], Potter and Snyder [1918] and Schol- . . 
lenberger [1918] the alkali extraction was done at room temperature by shak- I 

ing; ;fbr a period of time, arbitrardy chosen. The recent workers, however, ' 
resorted to hot extraction. Williams [1937] extracted the soil with boiling 
sodium hydroxide solution by keeping the mixture in gentle ebullition on a 
hot plate for 2| to 3 hours. Dean [1938] digested the soil with alliali at 
95°C. overnight. Thes6 conditions were all adopted arbitrarily and nothing 
is known about the effect of temperature and time of extraction upon the 
amount of phosphorus extracted and on possible hydrolysis of the organic : 

phosphorus compounds during the extraction. The author [Ghani, 1942] 

has already reported data to show that hydrolysis of organic phosphorus takes : 

place during bromine oxidation of the alkali extract at the boiling tempera- | 

tme. 

\ :r/ XX r y' ':''.X:[ y y ■ ^ ■ ■ , . 
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To tovst the above points, extraction with sodium hydroxide was done in 

the following ways : — ; / , . 

1. At room temperature by shaking for different periods of time, viz. 

2, 4, 8, 24 and 48 hours. ^ 

2. At 40°C. by immersing the mixture in a water-bath kept at 40°C, 

for different periods of time, viz. 1, 2, 4, 8 and 16 hours, 

3. At 95°-100°C. in a water-bath for different periods of time, viz. 

4, 8, 16, 32 and 48 hours. 

The results are shown in Tables IV, V and VI. 


Table IV 

Alkali extraction at room temperature 
(Mg. PgOg per 100 gm. of soil) 


! 

i 

2 hours 

4 hours 

8 hours 



i 24 hours 

48 hours 

Inorganic — 

A 1441 .... 

45 

48 

49 

51 

52 

A 3328 .... 

64 

62 

66 

75 

71 

A 3457 .... 

31 

28 

32 

39 

31 

Organic — 

A 1441 .... 

57 

57 

. 52 

69 

70 

A 3328. 

136 

153 

139 

115 

139 

A 3457 . . . • 

24 

22 

18 

16 

24 

Total — 





122 

A 1441 . . . . 

102 

105 

102 ' 

120 

A 3328 .... 

200 

215 

205 1 

; 190 

210 

A 3457 . . . . 

55 

50 

50 

55 

55 


Table V 

Alkali extraction at 40°0^ 
(Mg. P2O5 per 100 gm. of soil) 



1 hour 

2 hours 

4 hours 

8 hours 

16 hours 

Inorganic — 



56 

53 

58 ■: 

A 1441 

48 

54 

A 3328 

65 

68 

70 

74 

75 

A 3457 . . . 

30 

■ 37 

37 

32 ■ 

36 

Organic — 

. . 


59 

67 

67 

A 1441 . . 

. 62, ! 

'■ ^ . 58 

A 3328 . . . 

145 

132 

130 

146 

,.145 

A 3457 . . . . 

28 

23 

25 ■ 

26 

24 ^ ■ 

Total — 


f 1 




A 1441 

no 

112 f 

115 

120 

125 

A 3328 

210 

200 

200 

220 

. 220 

A 3457 

58 

! 

62 

i 

58 

60 
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Table VI 

Alkali extraction at 95°-100'‘C. 
(Mg. PgOs per 100 gm. of soil) 



1 4 hours 

8 hours 

j 16 hours 

1 32 hours 

48 hou 

Inorganic — 

! 



] 


A 1441 .... 

78 

78 

79 

100 ■ 

101 

A 3328 .... 

92 

98 

100 

115 

143 

A 3467 . . . 

■ 44 

44 

52 

69 

74 

Organic — 

i 





A 1441 .... 

1 52' 

57 

66 

i 

45 

46 

A 3328 . . . 

128 i 

1 

125 

145 i 

125 

99 

A 3457 .... 

20 

31 

40 

21 

16 

Total — i 






A 1441 . . . . 

130 1 

135 

145 i 

145 

147 

A 3328 .... 

220 

222 

245 ! 

240 

242 

A 3457 .... 

64 

75 

92 

90 j 

i 

90 


From Table IV it is seen that the time of shaking at room temperature 
has practically no effect on the alkali-soluble phosphorus fraction. All the 
three quantities remain nearly constant, with a slight tendency to increase 
with time. At 40'C. also (Table V) no significant variation in the results is 
, obtained, both organic and inorganic phosphorus remaining at a fairly constant 

P level irrespective of the duration of extraction. By comparing Tables IV 

and V, it will further be observed that the fractions' extracted at 40°C. are 
not higher than those obtained at the room temperature, suggesting neither 
a greater solvent action nor hydrolysis at 40°C. The results of hot extrac- 
tion presented in Table VI, reveal completely different things. Here the 
inorganic phosphorus shows a slight tendency to increase to the 16 hours 
digestion period after which there is a rapid increase. On the other hand, 
the organic phosphorus at first increases similarly to that period of digestion 
and then falls down rapidly.' This contrasting behaviour of the two frac- 
tions can be explained only as follows The amount of organic and in- 
organic and hence the total phosphorus dissolved in the alkali increases with 
time but hydrolysis of the organic phosphorus takes place at the same time. 
|- After about 16 hours, extraction is nearly complete but decomposition pro- 
ceeds very rapidly thereby reducing the amounts of organic phosphorus in 
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the extract and increasing the inorganic counterpart. That the total phos- 
phorus did not change after 16 hours shows that extraction was oomplete 
by that time. Moreover, a comparison of the 48 hours extraction figures y 

in Tables IV and VI will show that the inorganic phosphorus was almost 
doubled in all the three soils by raising the temperature of extraction to 
100°C. whereas the organic phosphorus was reduced by about one-third its 
value. This clearly shows that decomposition of organic phosphorus un- 
doubtedly takes place during extraction at a high temperature. The change 
in inorganic and organic phosphorus is shown graphically in Fig. 1. 



Fig. 1. Showing the change in inorganic and organic phosphorus with time at alkali 

extraction at 100°C. 
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From what has been stated above it is evident that hot extraction method 
is completely unsuitable for the purpose of fractionation of the soil phos- 
phorus as it prevents any true distinction being made between the organic 
and inorganic phosphorus dissolved by alkali. The alkali extraction should, 
therefore, be carried out at the room temperature by shaking and extraction 
should be repeated, if necessary, with the residual soil. It has been shown 
by various workers that extraction of the soluble constituents is not completed 
by one treatment and that sometimes five or more treatments are necessary. 

Eepeated extraction of the soil 

In repeated extraction, it is advisable to remove one extract completely 
before proceeding to the next. This is particularly important wFen different 
solvents are to be used in succession. By the ordinary method of filtration 
an unknown volume of water (and hence an unknown amount of phosphorus) 
retained by the soil and the filter paper goes over to the next extract, thereby 
reducing the concentration of the latter and also adding some phosphorus 
to it. )Secondly, in a long series of successive extractions a filter paper will 
be each time added to the bulk of the soil causing great inconvenience in the 
filtration v hich in itself is a tedious process. To overcome these difficulties 
and inaccuracies and also to ensure complete filtration, a Pasteur-Chamber- 
land candle was used in an apparatus similar to that designed by Dreyspring 
and Heinz [1935]. 

The design op the apparatus 

The apparatus is shown in Pig. 2. A Pasteur-Chamberland candle (L3 
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7-6 cm.) is fitted into a rubber bung which fits tightly into a 250 c.c. bottle 
with the candle inside the bottle. Two heavy -walled capillary glass tubes are 
also inserted into the stopper, their outer ends being bent at right angles and 
fitted with rubber tubes so that they can be closed by inserting two small 
pieces of glass rod. The length of the tubes inside the bottle are adjusted so 
as to keep their ends above the surface of 100 c.c. of liquid both when the 
bottle is in an erect and in an inverted position. The bottle is supported in 
an inverted position by fixing the candle on to a glass tube passing through 
a bung into a filter flask, the lower end of the tube being below the side tube 
of the flask so that no filtrate is drawn out by suction. 

PEOCEDtrRE FOE EBPBATED BXTEACTIOR OB SOIL 

One gramme of soil and 100 c.c. of the solvent are placed into the bottle 
which is then closed with the rubber stopper containing the porous candle. 
Both the capillaries are then closed with pieces of glass rods and the bottle 
shaken in a mechanical shaker for a period of four hours. After the shak- 
ing is over the bottle is fitted in the filter flask in an inverted position and 
allow^ed to stand for sometime so that the suspended soil particles may settle 


To the pump 



Fig. 3. Apparatus in an erect position 
while the solvent is being drawn in 

down. This prevents the pores of the candle from being clogged by suspended 
matter during the suction. When the particles have settled down, suction 
is applied. In the case of highly organic soils filtration of the alkali extract 
is very slow and is allowed to go on overnight. When the filtration is over, 
the bottle is disconnected from the filter flask and connected to the pump 
through one of the capillary tubes, the other one being dipped through a 
bent tube into a measuring cylinder or beaker containing a known volume of 
the desired solvent. The solvent is thus drawn into the bottle (Fig. 3). This 
procedure is used because if the stopper is displaced from the bottle, the soil 
is disturbed and it becomes difficult to wash all of it quantitatively into the 
bottle. The extraction is then repeated with the same or any other solvent 
as desired. 


FlUCflONilTION OF SOIL PHOSPliOEUS, L 
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After the soil is thus extracted with acetic acid and sodium hydroxide, 
presumably most of the apatites of the soil are left unaffected in the residue. 
To remove this fraction, the residual soil from the alkali extraction was in the 
same way repeatedly extracted with 2N sulphuric acid. The phosphorus 
still left in the soil after these combined acid and alkali extractions would 
definitely represent an inert combination and may, as suggested by Marshall 
[1935], be present as an integral part of the clay lattice. 




The phosphorus fractions 

In the light of the above study, the soil phosphorus may be divided into 
five groups as described below. The chemical nature of the groups will be 
fully dealt w^ith in part II of this series. 

1. Acetic acid-soluble. Mono-,di- and trhcalcium phosphates. This 
probably constitutes the fraction that is easily available to plants. 

2. Alkali-soluble inorganic. Iron and aluminium phosphates. This 
probably constitutes the fraction that is definitely available to plants. 

3. Alkali-soluble organic. Total organic phosphorus of the soil (nucleic 
acid, phytin, lecithin, etc.). This is available to plant only through 
decomposition. 

4. Sulphuric acid-soluble. Phosphates of apatite type. This is 
probably unavailable to plant. 

5. Insoluble. Presumably this forms an integral part of the clay 
complex and is inert so far as phosphate nutrition of the plant is concerned. 


The modified method of fractionation 

The procedure of fractionation finally adopted may be described as 
follows 

One gramme sample of the soil is introduced into the filtering apparatus 
(described before) and shaken continuously with 100 c.c. of N/2 acetic acid 
for two hours in a mechanical shaker. The extract is filtered immediately 
after shaking and acetic acid soluble phosphorus determined on a suitable 
aliquot of the extract. 

The residual soil in the apparatus is then similarly shaken with 100 c.c. 
of A/4 sodium hydroxide and extraction repeated until the phosphorus ex- 
tracted by alkali is very low or nil. The inorganic and organic phosphorus 
in the extracts are determined by the method of Ghani [1942]. To get the 
phosphorus fraction of the soil, the fractions obtained in the several extracts 
are summed up. 

The residual soil is again repeatedly extracted by shaking with 100 c.c. 
of 2A sulphuric acid and phosphorus determined on an aliquot of the extract. 


To get the insoluble fraction, the sum of the phosphorus dissolved by 
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The outline of the method is presented below diagrammatically. 

Soii(lgxn.) 

Extracted with 100 c.c. NI2 acetic acid by shaking 


Extract 
CaH^ (PO^)2 
CaHPO^ and Cag (POJg 


Residue 

Repeatedly extracted with 100 c.c. NI4: 
sodium hydroxide by shaking 


Extract 


Inorganic 
(FeP04, AIPO 4 ) 


Organic 

(Nucleic acid, Phytin, 
Lecithin, etc.) 


Residue 

Repeatedly extracted with 100 c.c. 2N 
sulphuric acid by shaking 

^ 


Residue 

(as integral parts of 
clay complex) 


Extract 

(apatite) 


Application op the pboposeb method op peactionation 

TO EIGHT SOILS OP DIPPEBENT TYPES 

Eight soils of different types and having different manurial history were 
selected for analysis according to the procedure developed and described 
before. Their essential characters are summarized below. 


DeSCEIPTION OP SOILS 


Acid mineral soils 

A 1441. A heavy loam from the edge of Broadbalk continuous wheat 
Eothamsted. UnUke the soils of the old experimental plots, this soil is acid 
having formed part of an old grass headland which was ploughed up long after 
the wheat experiments began. This sample was used in A. E. A. Co-operative 
Experiments on soil analysis. 

N eutml mineral soils 

A 3457. A calcareous clay loam from calcareous boulder clay at the 
Sexmundham Experimental Farm, East Suffolk. Crops on this land respond- 
ed well to phosphate. 

A 2328. A heavy loam from Broadbalk continuous wheat plot 2 B, 
receiving 14 tons of farm-yard manure per acre annually since 1843. 


^ FBACTIONATION of soil PHOSPHOBUS, I ' 41 

Acid mineral soil ploughed out from long leys : 

A 3328. An acid loam from, Carbello, Craii berry, Ayrshire, derived 
from drift. Taken from a Swede plot in wliicli high soluble slag increased 
the yield from 2 to 25 tons per acre. The land for Swedes was ploughed 
out after several years in ley. 

Organic soils 

A 3769. An acid peaty loam from Flatterton, Inverkip, Refrewsh.ire 
taken from a Swede plot in which basic slag increased the yield from three 
to 24 tons per acre. 

A 3246-7. A heavy acid len soil from Whittlesea, Peterborough. Taken 
from, 2 7 -plot NPK experiments in whic.h superphosphate gave a signi,ficant 
increase in yield. This soil was chosen because its citric acid soluble P^Gg 
(62 mg. per cent) .was greatly in excess of acetic and soluble P^Os (4 mg. per 
cent). 

A 3560-1. A heavy^ acid fen soil from Littleport Farm, from a 27~plot 
NPK potato experiment in which superphosphate gave a significant increase 

in yield. 

Results and discussion 

The results of fractionation showing the analyses of the individual extracts 
are shown in Table VII. In Table YIII are given the summarized results 
obtained by the summation of the repeated extracts with each solvent. For 
convenience of study the data are expressed both as per cent of the soil and as 
per cent of the total soil phosphorus. 

From the data in Table VII it is seen that both organic and inorganic 
phosphorus fell off rapidly in successive extracts and that five extractions 
were necessary to bring down the sodium hydroxide soluble phosphorus to a 
low quantity. SchoUenberger [1918] showed that in successive extracts of 
soils with 4 per cent ammonia the soluble phosphorus was quite low" in the 
fourth extract, it was about 2*3 mg. P^Os per 100 gm. of soil. It will also 
be seen that no organic phosphorus was dissolved by the acetic acid and sul- 
phuric acid before and after the alkali extraction respectively. 

Table VIII shows the relative . proportion of the various phosphorus 
fractions in the different types of soil under study. The four fractions deter- 
mined by combined acetic acid, alkali and sulphuric acid extraction account 
for at least 95 per cent of the total phosphorus in five of the eight soils, and 
for over 80 per cent in all of the soils. Considering the inevitable errors ir 
adding up so many analyses, it would appear that almost all of the soil phos- 
phorus is soluble under these conditions of extraction. 

The acetic acid soluble fractions were very small in all soils, except those 
from manurial plots at Woburn, Rothamsted and Saxinundham (A 2242, 
A 3457 and A 2328). It is noteworthy that the Rothamsted Broadbalk 
plot which receive farmyard manure annually w"as outstandingly rich in 
readily available inorganic phosphorus. On the other hand, the acid organic 
soils and the grass headland soil from Rothamsted show^ed deficiency in this 
form of phosphorus. 



THE INDIAN JOUBNAt OF AGRIGDLTUBAL SCIENCE 


«o 

tH 



O 

O 


ft 

o 



o 


43 




i] PJ^ACTroNATION OF SOIL PHOSPHORUS, i 

Table VIII 

Fractions of soil phosphorus 




(Mg. P 2 O 5 

per 100 gm. of soil) 



■ 

j Acetic 
acid 
soluble 

Inorg. 

alkah 

soluble 

1 Org. 

H 2 SO 4 

soluble 

j 

Insoluble 
(by differ- 
e,nee) 

i 

Total 

■Acid mineral — 

1 

i 


-j 

i 

1 


1 ; 

A 1441 Roth. 

1 

1 ' 2 

i 62 

; 68 

j 19 

19 

170 

A 2242 Wob. 

' 10 

106 

42 

i 

15 

41 

214 ■ 

Ne lit ral miiiei*a 1 




I 



A 3457 Sax. 

: 11 

30 

■37 

16 

5 

99 

A 2328 Broad. 

59 

106 

45 

19 

39 

268 

Acid mineral 
ploughed after 
long ley — 







A 3328 Garb. 

2 

1 85 

140 

13 


233 1 

Peaty soil — 







A 3769 Flat. 


^ 104 

243 

38 

- -7 

379 1 

A 3246-7 Pet. 

3 

1 301 

108 

59 

— 5 

466 1 

A 3660-1 Lit. 

■ 9 1 

90 

84 

38 

14 

235 



Fractions as percentage of total 

P 2 O 5 


A 1441 . j 

1 

36 

40 

11 ; 

11 1 

i 


A 2243 

' . ' 0 1 

50 i 

20 1 

’ 1 

1 

19 


A 34.67 

11 

30 

37 

16 

! 

5 ■ 1 


A 2328 

22 

40 

17 

i 

i 1 

15 


A 3328 . 

1 

36 

60 i 

0 

---•3 • ; ■ 


-V 3769 

■0 , ■ , 

27 

.64 i 

10 

2 ■ 


A 3246-7 

1 ■ 

65 

1 

23 

13 


, ■' . ' ■ ■ ■ ■ . •' 

A 3560-1 . 

4 ' 

38 

36 

16 

6 1 

1 

1 


The alkali -soluble inorganic phosphorus which is presumably mainly 
iron phosphate, ranged from 27 per cent to 65 per cent of the total and proved 
to be the highest single fraction in four of the soils. The highest value was 
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r + 1 ,^ •Pc.+orLnrniiffVi soil (A 3246-7) which was included in this series be- 

organic soil of the series (A 3560-1) the organic and morgaiuc forms m t^ 
alkali extracts were about equal. The two Scottish ^ ^ ^ g r 

from basic slag experiments on soils ploughed out for Swedes from h 
more vears under grass showed very similar analyses, with the highest pro 
SSon tabout twS-thirds) of their total phosphorus in the organic form. 
This would suggest that a considerable fraction of the phosphoius in 
Jrassllnd in a very stable and inert form. Although nitrogen 

would be liberated during the cultivation for Swedes it would apjar tha^ 
of the organic phosphorus becomes available, obseJ^ed in 

comnlete failures except where basic slag was given, ff w ■ 
tS field experiments^that the residual effects of the “2 

hay were very^ small in spite of the very large response in 
haJ been taken to mean that the oats grown have access to 
the Swedes cannot utilize. It is, however, possible that 
phosphorus is broken down during the year after ploughing in sufficient amou 
to meet the lower requirements of these crops. ^ 

The organic phosphorus forms a low portio_ Vinlf a centurv 

soils (Broalbalk and Woburn) which have been cropped ^ 

or more wi& continuous cereals (wheat and barley 
other hand, the second sample from ’ J^.^EourfroEf 

head land some long tfme after 

These results suggest that the organic phosphorus is built 

and that it is relatively stable under acid conditions. It is also notable that 

the BroadLlk farmyard manure plot has a low proportion of organic phos- 

ntrm Appare^^^^^ organic phosphorus offarmyardmanureismmera- 

fized fairly ^quickly It least in neutral soils This has already been pointed 
mit bv the author in an earlier commumcation [Ghani, iy*iJ- 

The sulphuric acid-soluble fractions are much lower than the alkah- 
,oluMe i.SSo sugge=ti.:g that the bulk of the phosphon« m 

S arX?oiIs accumulales S iron phosphate, rather than as an apatite. 

Summary 

The method of fractionation of soil phosphorus by combined acid 
,1 oltali extraction as proposed by Dean has been critically examined. 
‘^W/2 acetic acid has been suggested as a pre-treating >gent^o^^^ 
removal of exchangeable bases before alkali extraction and as a solvent for 

’'sodium^^hy^oxide extracts more phosphorus than sodium carbonate 
at increases as the _soil- 

solven^ ratHe^ The increase is relatively small when the ratio is 
lower than ! : 100. 
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Alkali extraction at lOO^C. dissolved more phosphorus than at rooin 
temperature or at 40°G. but at 100°C. the organic, phosphorus caiiipoiinds 
are partly decomposed. 

Several extractions are necessary to dissolve the whole of the soluble 
phosphorus at the room temperature. A Pasteur-Chamberland porous candle 
has been used in the design of an apparatus for repeated extraction of soil. 

The use of 2^ sulphuric acid after alkali has been suggested for the 
removal of the apatite fraction. 

The modified method has been applied to eight soils of different types 
and the phosphorus fractions interpreted in the light of their past manurial 
history. 
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THE WILD BICE PROBLEM IN THE CENTRAL 
PROVINCES AND ITS SOLUTION 






B. B. DAVE, M.Se. (Agk.) 

Officer-in-charge, Bice Research Scheme, Central Provinces, Raipur 
(itec6iv0ci for publication on 23 IVTarcfi 1942) 

(With Plate I) 

R ice is by far the most important food crop in the Central Provinces 
and Berar, occupying 59 lakhs of acres out of the 246 lakhs dewted to 
crops. The old Chhattisgarh division, comprising the districts oi Kaipur, 
Drug and Bilaspur, contains more than 62 per cent of the total rice area ^ the 
province. The prevalence of wild rice (Karga) as a weed in the to paddy 
fields of Chhattisgarh constitutes a serious economic problem. During me 
period of vegetative growth wild rice is indistinguishable from most oi the 
raltivated varieties and cannot, therefore, be weeded out in time to allow 
the legitimate crop to tiller and fill in the gaps. In badly infested fields the 
percentage of wild rice is sometimes as high as 30, but even if the average 
infestation be taken to be only 3 per cent the loss it causes over 37 lakhs 
of acres of biasi paddy amounts to more than 22 lakhs of rupees every yeai. 
Reduction of this loss has been one of the main objects of breedmg work in 
rice since the year 1928 and it has now been attained by the production oi 
early, medium and late ripening purple-leaved hybrids which give good yield. 
The seedlings of these hybrids (Plate I) are entirely purple and can th^us be 
very easily distinguished from the green Karga seedlings. The results ot 
these experiments are summarized below. 

Review of literatxjbe 

An estimate of the ioss due to the occurrence of wild rice was made in 
1930 by the Director of Agriculture, Central Provinces and Berar, Mr Plymen, 
who observes that the percentage of wild rice is at times as high as 30 per cent 
of the standing crop on a cultivator’s field. Roy [1921] working m the Central 
Provinces reports that in the Chhattisgarh tract the amount of loss due to the 
occurrence of wild rice is sometimes said to be so great as to reduce the out- 
turn of rice by 50 per cent. He suggests that the best method to pt rid oi 
wild forms is to grow coloured rice {Nagkesar) or adopt transplantation. 
Salimath [1921] found that in various parts of Belgaon district of the Bombay 
presidency, the loss due to the occurrence of wild rice varies from 5 to 25 
per cent while other places have been found where up to 30 per cent oi the 
(P-ain is lost either before or during reaping. Bhalerao [1930] suggests that 
the source of infection through soil, irrigation water and seed should be guarded 
against to obtain the best results. , 

Experimental results 

The incidence of wild rice in bidsi paddy fields ’was studied during 1940 
and 1941 in 43 villages in Raipur, Drug and Bilaspur districts, In each 
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village, ten fields were taken at random and the population of wild and culti- 
vated rice plants was recorded, at the flowering stage during the months of 
September and October, in three quadrates per field. The size of the quadrate 
was 4 ft. 8 in. square or 1 /2000th of an acre. The results are given in Table I. 

Table I 


Average 'percentage of wild rice in biasi paddy fields 


Tahsil 

Village 

Average 
percentage 
of wild rice 

Tahsil 

Village 

Average 
percentage 
of wild rice 

Raipur . 

Dongitarai . 

41 

Bilaspur 

Badri . 

17 


Piprod 

42 


Sakri . 

17 


Chipridih 

54 


Barpali 

18 


Patewa 

55 


Hafa . 

18 





Sarseni 

20 

Balodabazar . 

Sonpuri 

9 


Motia 

21 


Balodabazar 

14 


Jalso , 

25 


Sukla . 

16 


Khaira 

28 


Bharsela 

17 


Semartal 

35 





Koni . 

36 

Dhamtari 

Deoni 

6 


Gatauri 

37 


Gokulpur 

7 


Sendri 

37 


Karetha 

7 







Janjgir 

Audi . 

4 

Mahasaniund 

Atharagudi . 

6 


Charoda 

4 


Chinoordih . 

11 





-L oh road 

12 

Katghom 

Solara . 

5 


Nawapara 

12 


Mahesh|)ur . | 

6 


Chote Temri 

23 


Bendarkona . 1 

7 


Bitangipali . 

27 


Kenadand . j 

8 


Bhatori 

27 

i 

Chakomar . 1 

9 


Basna . 

31 

! 

i 





Drug . 

Matwari . | 

44 




1 

Janjgiri . j 

44 




Bemetara . i 

Chuchrungpur | 

5 


^ i 


1 

Bahera . ; 

6 





Basna . . i 

7 


The percentage occurrence of wild rice varies very widely from as low as 
4 to as high as 55. Generally speaking, wild rice occurs more on the lighter 
soils than on the heavier ones. 

A field-to-field study of the occurrence of wild rice was made in Jora 
village, adjoining Labhandi farm in Eaipur district. In each of the 1,315 
fields sown with rice, two quadrates (each 4 ft. 8 in. square) were taken at 
random and the number of plants of wild and cultivated rices in each quadrate 
recorded. The average percentage of wild rice for the entire village worked 
out to be three. 

In a similar field-to-field study made in 1,843 paddy fields of Borsi village 
in Drug district and 480 fields of Darri village in Bilaspur district, the average 
percentage of wild rice for the entire village, in both the eases, was again found 
to be three. These observations were made in October when the crop was in 
ears and much of the wild rice had already been removed by weeding. 
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If the lowest estimate of loss due to the occurrence of mid rice is taken 
at only 3 per cent of the yield, the standard outturn at 661 lb of cleaned 
rice ner acre and the wholesale price of rice at Rs. 2-8 per md. of 82 lb., the 
loss in yield to the cultivators of Raipur, Drug and Bpaspm districts, where 
37 lakbs of acres are under biasi paddy, amounts to 22 lal^s of rupera every 
year The loss would be much more at the present high prices. To this 
have to be added the weeding charges for the removal of wild rice w^ch at 
six annas per acre would amount to another 14 lakhs of rupees. The thnd 
weeding which is given at the flowering stage is only for the removal of wild 

"'"^Reduction of this loss has been one of the main objects of breeding work in 
rice since the year 1928. It has been stated that wild nee has a green or pui^le 
leaf-sheath, like most of the cultivated varieties and so is mdistmgmshahle 
km them and cannot be weeded out. It is recognized after the flowering 
Lage by the presence of long stout awns, blackish grains and red kernels. 
On^acoount of its characteristic nature of shedding the_ grams completely, 
its seed cannot be collected. It thus gets self sown and increases from year 
to year The presence of wild rice in the field is a constant source of contamina- 
tioJ and brings about a deterioration of the cultivated variety due to natural 
cr^s pollination. In an attempt to control the spread of wild rice the farmers 
sT vLieties with green and dark purple leaf-sheath in alternate years or grow 
Parewa, a variety which has dark purple auricles to distmguish it from wild 
rice, but this variety, comparatively speaking, is a poor cropper. . , . 

An attempt was, therefore, made to combine the dark purple auneles of 
Parewa with the commercial variety Bvdhiabaho and the high yielding Bho^u. 
Th^ crosses were made by the writer in October 1928 at the AgriculW 
Research Institute, Nagpur, and the Fj, Fg and F3 generations studied m 1929 
and succeeding years. Fmther details about this work will be found m another 
pakron inheritance of Characters ’ to be published. Promising hybrids 
kkssing the desired combination of characters were secured m the F^ 
generation in 1932. The fixed hybrids in the F., and F^ 
tested for yield against the parents in Latin Square during 1933 and 1934 at 
Raipur and in randomized blocks in subsequent years. The results are 
summarized in Tables II and III. 

Table II 

Yield of cross No. 116 (Bhondu X Parewa) compared with the parents, 

Raipur 


Mean yield in ib. per acre 


Strain 


Cross No. 116 
Bhondu . 
Farewa . 


1933 

1934 

1935 

1936 

3844 

2846 

3013 

2905 

3071 

2643 

2986 

2683 

3332 

2442 

2450 

2355 


1937 : Average 


3061 3134 
2961 2849 
2478 2611 


Biasi— 2 b method of rice cultivation which consists ot broadcast 
by ploughing to thin out the seedlii^ when they are a foot high 
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On an average of five years, Cross No. 116 {Bhondv, x Parma) has given 
10 per cent higher yield than Bhondu (which was so far the most prolific 
variety) and 20 per cent higher yield than Parewa. 

Table III 

Comparison of cross No. 19 (Budhiahako X Parewa) with Bndhiabako 


Mean yield in lb. per acre 


Strain 




XJnmanured 



1935 

1936 

1937 

1938 

1939 

1940 

1941 

Average 

Cross Ho. 19 . 

2829 

2205 

2932 

1572 

1497 

1461 

1323 

1974 

BudMahaho 

2453 

2932 

2527 

1603 

1 

1411 

1175 

1375 

f 

1925 


The average results of all the seven years show that Cross No. 19 is as good 
as the higher yielding parent Budhiabako and has the added advantage of 
being readily distinguished from wild rice. 

These trials were simultaneously extended to Government farms at 
Chandkhuri, Drug and Bilaspur and finally the hybrids were tested on an 
extensive scale on the cultivators’ holdings from 1937 onwards. 

In trials now extending over nine years, cross No. 116 {Blicmdu x Parewa) 
has proved to be the highest yielding strain in the province. Similarly, 
cross No. 19 {Budhiabako x Parewa) is the highest yielding strain among 
medium-fine varieties. Both of them possess dark-purple auricles which dis- 
tinguish them from wild rice in the seedling stage. These hybrids are now 
under distribution from all the seed farms in Chhattisgarh and have become 
very popular. A description of the hybrid strains is given in Appendices A 
and B. 

A more complete solution of the wild rice problem was attempted in 1934 
when most of the improved rice strains were crossed with Nagkesar, a variety 
which possesses leaves and stem of purple colour by virtue of which it can be 
easily distinguished from wild rice. Unfortunately, the yield of Nagkesar 
is very low and its rice is generally red. The crosses of Nagkesar with No. 17 
Bhondu, Budhiabako, Ourmatia and Luchai were raised in the Fi generation in 
1935 and the Pj and Pg generations studied in succeeding years. The study 
of the inheritance of economic characters in these crosses will form the subject 
of a separate paper. Early, medium and late ripening strains possessing 
purple leaves to distinguish them from wild rice in the seedling stage were 
secured in the P^ generation in 1938 and they were tested for yield against 
the parents in randomized blocks. The results are summarized in Table IV. 
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Table IV 

Yield of purpledeaved hybrids compared with the parents, Raipur 




1 

Mean yield in lb. per acre 





(Unmanured) 



Strain 






Remarks 



1939 

*1940 

*1941 

Average 


Early 







Cross No. 1 (No. 17 

X 

1478 

896 ! 

963 

1112 

^General yields 

Naghesar) 






are low on ac- 
count of inade- 
quate rains 

Nungi {No. 17) . 

* 

1750 

640 

1056 

1149 


Medium 







Cross No. 2 {Nagkesar 

X 

1680 

GO 

00 

CO 

1250 

1439 


Bhondu) 

Bhondu 

. 

2292 

1310 

1467 

1690 


Late 







Cross -No. 5 [Nagkesar 

X 

1690 

1616 

1350 

1552 


Luchai) 

Luohai 

. 

1998 

1476 

1029 

1501 


Nagkesar (Medium) 

‘ 1 


1008 

1071 

1040 



These hybrids were simiiltaneously tested at the Government farms at 
Ohandkh-ori, Drug and Bilaspur and finally they were tried on an extensive 
scale on the cultivators’ holdings in 1940 and 1941. The yields have been 
satisfactory and this year 16,000 lb. seed of the early, medium and late ripening 
purple-leaved hybrids has been supplied in 275 villages of Raipur, Drug and 
Bilaspur districts for multiplication. The advantages of growing these 
hybrids in fields infested with wild rice are so obvious that no further propa- 
ganda will be necessary to secure their natural spread. The seedlings of the 
hybrids are entirely purple (Plate I) and can thus be very easily distinguished 
from the green Karga seedlings. These hybrids are not expected to deter- 
iorate by natural cross pollination with other green varieties as the purple 
leaf-blade colour is recessive to green and the first generation hybrids, which 
will have green leaves, will be weeded out along with wild rice plants. Practi- 
cally the whole of the annual loss referred to above can now be prevented by 
growing these hybrids in fields infested with wild rice. A description of the 
hybrid strains is given in Appendices A and B. 
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Summary 

The preTalenee of wild rice {Karga) as a weed in the biasi paddy fields 
of Chhattisgarh constitutes a serious economic problem. During the pei'iod 
of vegetative growth wild rice is indistinguishable from most of the cultivated 
varieties and cannot, therefore, be weeded out in time to allow the legitimate 
crop to tiller and fill in the gaps. In badly infested fields the percentage of 
wild rice is sometimes as high as 30, but even if the average infestation be 
taken to be only 3 per cent the loss it causes over 37 lakhs of acres of biasi 
paddy amounts to more than 22 lakhs of rupees every year. Eeduction of this 
loss has been one of the main objects of breeding work in rice since the year 
1928 and it has now been attained by the production of early, medium and 
late ripening purple-leaved hybrids which give good yield. The seedlings of 
these hybrids are entirely purple and can thus be very easily distinguished 
from the green Karga seedlings. Practically the whole of the annual loss 
referred to above can now be prevented by growing these hybrids in fields 
infested with wild rice. A description of the hybrid strains has been given. 
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APPENDIX A 

Rice hybrids for fields infested with wild rice 

Cross No. 1 (Nungi—No. 17 x Nagkesar). A high yielding early strain suitable for 
unprotected high lying areas and unirrigated fields infested with wild rice. Seedlings 
entirely purple and very easily distinguishable from green Karga seedlings. Ripens in 
the 3rd week of October, (sowing time — middle of June). Average yield, 1939 to 1941, 

(unmanured) 1,100 lb. per acre. ’ 

Cross No. 2 (Nagkesar X Bhondu). A medium ripening strain with leaves and stem 
of purple colour to distinguish it from wild rice. Suitable for all types of irrigated soils. 

Ripens in the 2nd week of November, Very good yielder. The paddy is reddish-brown 
and the rice is coarse and white. Average yield, 1939 to 1941, (unmanured) 1,450 lb. 

per acre. • * ■ ' ,r 

Cross No. 6 (Nagkesar X Luchai). A high yielding late strain with an erect habit 
of growth and comparatively free from lodging. Suitable for irrigated tracts and heavy 

soils or low lying areas infested with wild rice. Leaves — purple. Ripens in the 4th ^ 

week of November. Average yield, 1939 to 1941, (unmanured) 1,550 lb. per acre. ! 

Cross No. 19 (Budhiahako x Parewa). This is the highest yielding strain among ^ 

medium-fine varieties and is well suited for irrigated tracts. It has dark purple auricles I 

to distinguish it from wild rice. It is late and is harvested in the 3rd week of November. j 

The rice is translucent and is sold in the market under the trade name of Han^a. Average 

yield, 3937 to 1941, (unmanured) 1,750 lb. per acre. It has become very popular in I 

Chhattisgarh under the name ' Kanthi Budhiahako*. . . *• | 


s 

i 


I 
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Cross No. 116 (Bhondu^Parewa). This is the highest yielding strain in Pro- 
vince and is much liked by people who prefer bulk to quality. It ripens in the 2nd 
weak of November and is suitable for all types of soils protected by irngation. It has 
rf pmpira SLs to distinguish it from wild rice. The paddy 

rice is^coarse and white suitable for the preparation of puffed and shredded, rice. Av r g 
yield, 1937 to 1941 , (unmanured) 2,000 lb. per acre. Itgives 10 per cent higher yield than 
BhondM which was so far the most prolific variety. 

(General yields during 1940 and 1941 are low on account of inadequate rains) 

appendix b 

Bice hybbids eob eiblbs infested with wild bice 

Description oj morphological characters 



Cross No. 1 

No. 17 

Cross No. 2 
Naghesar 

Cross No. 5 
Naghesar 

Cross No. 19 
Bvdhiahalco 

Cross No. 116 
Bhondu 

X 

Characters 

X 

Naghesar 

(Early) 

X 

Bhondu 

(Medium) 

X 

Luehai 

(Late) 

Parewa 

(Late) 

Parewa 

(Medium) 

Coleoptile 

Leaf sheath . 

Sheath axil 

Internode 

Dark purple . 

Full purple 
(9) 

(P. Purple V. L. 
purple) 

Purple . 

(P. Purple V. 
White) 

Light green (1) 

Dark pur ple 

Full purple 
(9) 

(P. purple V. L. 
purple) 

L. purple 
(P. L. Purple 
V. White) 

L. Yellow (2) 

Dark purple . 

Full purple 
(9) 

(P. Purple V. L. 
purple) 

L. Purple 
(P. L. Purple 

V. White) 

Light green (1) 

Purple . 

Light purple . 
(7) 

(P. L. Purple V.L. 
purple) 

Purple . 

(P. Purple V. 
Purple) 

Light green (1) 

Purple. 

Light purple 

(P. L. Purple 
V. L. purple) 
Purple 

(P. Pm’ple V. 
Purple) 

Light Yellow (2) 

Leaf juiictura . 

Auricle . 

Green, mid-rib 
purple 

Purple . 

Purple . 

Purple . 

Green, mid-rib 
purple 

Purple . 

Dark purple . 

Dark purple . 

Dark purple 

Dark purple 

Ligule 

Pulvinus 

Septum . 

Purple . 

Green, purp. 
spots 

Cream . 

Purple . 

Green, purp. 
spots 

Light brown . 

Purple . 

Green, purp. 
spots 

Cream, purp. 
spots 

Purple (3) 

White . 

Dark purple . 

Purple . 

White 

Dark purple 

Brown 

Le af blade 

Purple (3) 

Purple (3) Broad 

Green 

Green, Broad 

Glumes, early stage . 

Purple Short . 

Purple Short . 

Purple Short . 

White Short . 

White Short 

Glumes, ripe stage . 

L. purple 

L. purple 

L. purple 

White . 

White 

Lemma and palea early 
stage 

Lemma and palea ripe 
stage 

Light green, 

black spots 
(D) 

Straw, black 
spots 
(d) 

Ordinary hairy 

Beddish orange 

(M) 

Beddish brown 

(m) 

Ordinary hairy 

L. purple, dark 
furrows 
(B) 

Brown furr. 

Ordinary hairy 

Light green 

(F) 

1 Straw 

(f) . 

Ordinary hairy 

Beddish orange 

(M) 

Beddish brown 

(m) . 

Ordinary hairy 

Apiculus 

Purple (G) 

Purple (G) 

Purple (G) 

L. purple (F) . 

Purple spr. 

Stigma . , 

Dark purple . 

Dark pui-ple . 

Dark purple . 

Dark purple . 

Dark purple 

Awns . , 

Absent . 

Absent . . j 

Absent . 

Absent . 

Absent 

Habit 

Spreading 

Spreading 

Erect 

Spreading 

Spreading 

Straw . . 

Weak 

Weak 

Strong . 

Weak , 

Weak, 

Panicle . 

Bice, size 

Well ex. Com. 
Droop 

Medium . 

Well ex. Com, 
Droop 

Coarse . 

Well ex. Com. 
Droop 

Medium . 

Well ex. Coro. 

Droop 

Med. — fine 

Well ex. Com. 
Droop 

Coarse 

Bice, colour . 

White . , 

White . 

White . 

White . . 

White 

Bice , scent 

Absent . 

Absent . 

Absent . 

Absent . 

Absent 

Bice, endosperm 

Translucent with 
abd. wh. 

Abdominal white 

Translucent with 
abd. wh. 

Translucent with 
abd.wh. 

Abdominal white 


(B, D, 1* 3, etc. refer to coloured plates in The 
Bice Indian J . agric, Sci, Vlll, V, Oct* 1938) 



WILD RICE PROBLiEM IN THE CENTRAL PROVINCES 
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EiCE H'SBEIDS fob FIEBBS IKFESTEI) with wild bice 


Description of quantitative cJmracters 
{Average of S years, 1939 to 1941) 


Oimnictcrs 

Cross No. 1 
No. 17 

X 

Naghemr 

(Early) 

Cross No. 2 
NagJiesar 

X 

Bhondit 

(Medium) 

Cross No. 5 
Nagkemr 

X 

Luchdi 

(Late) 

Cross No. 19 
MudMabako 
X 

Parewa 

(Late) 

Cross No. 1,16 
Bhondu 

X 

Paretm 
! (Medium) 

i 

Height of plants 

106-2! 

db2-101 

! 135-4 

±1-519 

117-5 

±1*330 

115-4 

±1-906 

1 

i 111*3 

1 ±1*451 

Kuniber of tillers per plant 

1-SO 

±0*143 

1-77 

±0-135 

1-91 

±0-173 

2*17 

±0-195 

1 1-73 

1 ±0-149 

Flowering date 

19 Sept. 

14 Oct. 

21 Oct. 

15 Oct. 

13 Oct. 

Days from sowing to flowering . 

96 

±0-136 

121 

±0-409 

128 

±0*305 

122 

±0*349 

120 

±0*325 

Eipening date 

14 Oct. 

14 Nov. 

25 Nov. 

16 Nov. 

10 Nov. 

Days from sowing to ripening . 

121 

±0-316 

152 

±0*408 

163 

±0*577 

154 

±0*224 

148 

±0*707 

Length of panicle cm 

22-72 

±0-680 

24-71 

±0*530 

21-55 

±0-483 

22-18 

±0-471 

21 - 8 
±0*63 

Number of grains per panicle . 

120-0 

±9*296 

139*9 

±6-658 

179*3 

±9-695 

115-7 

±6-67 

103*7 

±5*72 

Sterility per cent 

6-12 

±1-546 

11-55 

±1-920 

4-38 

±0-979 

13-73 

±1*745 

14-39 

±1*890 

Grain length, mm 

8-46 

±0-043 

8-35 

±0*054 

7-84 

±0*038 

9-22 

±0-038 

8-29 

±0*038 

Grain breadth, mm. . .... 

3-07 

±0-017 1 

3-46 

±0*023 

2-69 

±0-017 

2-47 

±0-009 

3-37 

±0*013 

Grain, length/breadth .... 

2-75 

±0-019 

2-42 

±0-015 

2-91 

±0-021 

3*74 

±0-020 

2-46 

±0*016 

Rice, length, mm 

6*27 

±0-033 

5-98 

±0-043 

5-64 i 
±0*028 

6-50 
! ±0-065 

5*89 

±0*030 

Rice, breadth, mm 

2-55 

±0-012 

2-90 

±0*015 

' 2-20 
±0*011 

2-03 

±0-008 

2-86 

±0*013 

Rice, length/breadth 

2-45 I 
±0-012 

2-07 

±0-018 

2*58 

±0-024 

3-20 

±0-047 

2*06 

±0*016 

Weight of lOOQ grains, gm. 

26-64 

±0-093 

29-22 

±0*056 

19-37 

±0-083 

19-97 

±0-086 

29*08 

±0*044 

Weight of 1000 kernels, gm. 

19-55 

±0-077 

22-11 

±0-038 

14-19 

±0-037 

14-86 

±0-047 

22-44 

±0-039 

Yield per plant, gm . 

5-32 

±0-231 

5*59 

±0*322 

5*25 

±0-327 

4-35 

±0-204 

5-17 

±0-310 

Milling quality. Whole rice per cent 

51-57 

±1*414 

52*87 

±3*668 

44-94 

±3-374 

50*67 

±1*915 

42-94 

±1-648 

Broken rice per cent . . . 

19*27 

±1-049 

19*67 

±2-288 

21-93 

±4-267 

15*93 

±2*662 

26-13 

±1-176 

Husk and bran per cent . 

29*16 

±0*619 

27*46 

±1*443 

33-13 

±0-671 

33*40 

±1*245 

30*93 

±0-532 






STUDIES m INDIAN CEREAL SMUTS 

V. MODE OF TRANSMISSION OF THE KARNAL BUNT OF WHEAT 

BY 

B. B.MUNDKUR 

Imperial Agricultural Research Institute^ New Delhi 
(Received for publication on 23 April 1942) 

I NTENSIVE work on the Karnal bunt of wheat due to Neovossia indica 
(Mitra) Mundkur is in progress at New Delhi since 1938. The primary object 
of this investigation has been to determine the mode of transmission of this 
disease. Without a precise knowledge of the manner in which it is disseminat- 
ed from place to place and carried over from year to year, and of the methods 
by which it can be induced in experimental pots and plots, it is hardly possible 
to devise seed treatments or to develop resistant varieties. The bunt which 
was first discovered at Karnal is very common in parts of the Punjab and the 
North-West Frontier Province and reports of its occurrence in Saharanpur, a 
district of the United Provinces adjacent to the Punjab, have been recently 
received. 

Since the inception of this work attempts have been made year after ; 
year to improve the technique so as to induce the appearance of the disease 
in infested pots. In the numerous pot experiments conducted during the i 

past four years, only a single infected ear in 1941 and five infected ears in 1 

1942 have been observed. The ear observed in 1941 was from an infested 
pot but of the five ears observed in 1942, two came from infested pots and 
three from controls. In all the other cases, the experiments have been a 
total failure. 

Methods of expeeimentatioh 

i 

Soil, Soil for these experiments was obtained from two sources, one being ^ 
a field at Karnal Avhere the disease had appeared in an epidemic form and the 
other a wheat field of the botanical section at New Delhi where bunt, as a rule, 
does not appear. It was sieved and manured before use and after setting apart 
a portion for the control pots, the rest was infested by bunt spores. This was 
done in the following manner. A thick suspension of spores that had been 
collected the previous season at Karnal was prepared. This suspension w^as 
black in colour due to the abundance of the spores. It was then thoroughly i 

mixed with the soil and the soil was placed in pots. The pots were kept 'r 

moist by sprinkling water over them and they were either placed indoors, or 
kept covered. Commencing 1939, some of the experimental pots were 
buried up to the brim in a field near the mycological section. Occasionally j 

the pots were watered with suspensions of spores and the soil in them stirred. " 
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Seed, Seeds from bunted ears (Imperial Pusa 165) were carefully examined 
to see if they w^ere infected by the disease. Those seeds which showed the 
presence of the son in their crease end were selected ; for the control pots, how- 
ever, healthy seeds from non-bunted ears were chosen after examination 
with a hand lens for freedom from disease. 

Spores. Bunted ears were dipped in clean water and vigorously rubbed 
so as to liberate the spores. When almost all the spores had been released, 
the husk was separated and the seed was collected, dried and stored for later 
use. The spores were allowed to settle down, the supernatant liquid was 
decanted and the spores were collected, air dried thoroughly, placed in vials 
and stored at a temperature of about 15°C. A large Cj[uantity of spores was 
collected each year in this manner. 

For germinating the spores, they were first soaked in water for six days. 
On the seventh day, they were spread on a filter paper. This filter paper w^as 
then placed in a large petri dish and incubated at about 20*^C. On the third 
day, the spores were found to put forth germ tubes and sporidia. Wheat seeds 
soaked in water for 24 hours, were then placed on the moist filter paper with 
the germinating spores and incubated at 20'^C. 

In 1941, the method of germinating the seed ws>s slightly altered. An 
abundant quantity of spores w^as mixed with clean sand. The mixture w^as 
moistened, placed in a large dish in a room (where temperature ranged from 
10®C. to i5°C.) at the end of September. The seed was germinated in this 
sand in the usual manner. 

Experiments in 1938-39 

These experiments were carried out in 25 pots of 3 in. diameter with Delhi 
soil. Fifteen pots were filled with heavily bunt-infested soil and 10 pots served 
as controls. The soil Avas infested and the pots filled on 5 October 1938. 
Infested seed was sown in all the pots on the 28th of the month. Three seeds 
were sown in each pot. 

Grow^th of the plants w’-as satisfactory and the ears were harvested at the 
end of March. They were then carefully examined for the presence of bunt 
but none of the ears showed the disease. 

Experiments in 1939-40 

Experiments on a more comprehensive scale were designed for 1939-40, 
In one set of experiments glazed pots of 12 in. diameter were buried up to the 
brim. Twenty-four of these pots were filled with Karnal soil that had been 
heavily re-infested. Sterilized Karnal soil w^as placed in six other pots. 
Another 12 pots were filled with Delhi soil of which six alone were infested with 
bunt spores. Soil was infested on 5 September 1939 and a second heavy 
suspension was added on the 15th of the month. The pots were kept moist 
and covered. The sowing plan is shown in Table I. 

Bunt-free seed was sowm in horizontal rows number I, III and V and 
infested seed was sown in the rest of the pots. Seed in the pots in the vertical 
row a was sown on 1 November 1939, vertical row 6 on 4 November and so on 
until 16 November, Ten germinated seeds were sown in each pot. 
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Table I 

Sowing flan of infected and control pots 


Pot numbers 


Xature of tlie soil 

a 

b 

c 

d 

e 

f 

Kemarks 

1— Karnal soil, re'infested .... 

1 

o 

3 

4 

5 

6 

Bunt-free seed 

11 — Karnal soil, rednfested .... 

7 

8 

9 

10 

11 

12 

Bunted seed 

Ill — Karnal soil, re-infested 

13 

14 

15 

16 

17 

18 

Bunt-free seed 

IV— “Karnal soil, re-infestod 

19- 

20 

21 

22 

23 

24 

Bunted seed 

V— Karnal soil, sterilized 

25 

26 

27 

28 

20 

30 

Bunt-free seed 

VI — Delhi soil, infested . . . • 

31 

32 

33 

34 

35 

36 

Bunted seed 

VII — Delhi soil, non-infested 

37 

38 

39 

40 

41 

42 

Bunted seed 


Growth was satisfactory and the ears were harvested on 30 March 1940. 
They were carefully examined for the presence of bunt but none of the grains 
was bunted. 

In another experimentj the glazed pots used were of 6 in. diameter but 
they were not buried. They were filled with heavily infested Karnal soil as 
before and infested seed which, however, was not germinated was sown in all 
of them on 6 November at the rate of five seeds per pot. The depth at which 
the seed was sown was, however, different. The time taken by the radicle to 
emerge out of the soil depends to a certain extent on the depth of sowing. 
If this time is prolonged, then it is likely that the spores have a better chance 
to infect the seed. In one set of five pots, the seed was sown at a depth of half- 
an-inch, in a second at one, in a third at two, in a fourth at three, and in the 
fifth and the last at four inch depth. The growth of the plants was satis- 
factory and the ears were harvested on 29 March 1940. None of the grains 
showed bunt. 

Experiments in 1940-41 

The number of buried 12 in. pots was increased to 70 but the plan of soil 
infestation was as before. Instead of six as in previous year, the number of 
vertical rows was ten. Sowing in the first vertical row was done on the 29 
October and continued in the rest of the rows on every fourth day until 25 
November 1940. 

Growth of the plants was satisfactory and the plants were ready for harvest 
on 13 April. The ears from each pot were separately collected and both 
the ears and the grain from them carefully examined for the presence of bunt. 
One diseased ear, of which four grains were completely bunted and seven 
partially bunted, w^as found in horizontal row III and in the pot sown on Nov- 
ember 10. This pot had been filled with infested soil. None of the other 
ears was bunted. ' 

In another experiment in 6 in. pots, 60 pots were filled with heavily 
infested Delhi soil and infested seed which had not been germinated in petri 
dishes was sown, at the rate of five seeds per plot, on 22 November. McAlpine 
[1910] states that if oat plants are cut back before heading time and induced 
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to tiller, these^ tillers usually show heavier infestation by hx)se smut. Hoping 
that such cutting back might induce bunt, plants in one lot of eight jiots were 
cut back on 10th in a second lot on 20th and a third lot on 30th December, 
respectively* The rest served as controls. The ears were harvested on 8 April 
194L They were carefully examined but none of the ears was l>iinted. 

3x2)eriment8 in 19il'i2 

The tests in the 70 buried pots were repeated in 1941-42. Two in- 
fested ears "were found in horizontal row IV, sown on ISTovemlier 16 and 
three in two pots in horizontal row V, sown on November 16 and 19, respec- 
tively. In this latter rov;, the pots ivere filled witli sterilized Kama! soil and 
healthy seed had been sown. In all the rest of tlie pots, there was no bunt. 

Discussion of results 

The results presented above furnish overwhelming evidence which leads 
to the conclusion that the Karnal bunt is neither seed-borne or soil- borne. 
In the course of these experiments, naturally-infested seed was sown in buiit- 
intested soil and disease-free soil ; and bunt-free seed was sown in soil heavily- 
infested with bunt spores. In addition, naturally-infested seed whicli was 
germinated in the presence of germinating spores was also sown in heavily- 
infested soil. In almost all cases, however, negative results have been repeated- 
ly obtained. In 1941, one infested ear was found in a pot which contained 
infested soil and two such ears were found in 1942. As against these, three 
ears were found in 1942 in pots containing soil free from bunt, in which dis- 
ease-free seed had been sown. It appears to be more than likely that this is 
natural infection but how such infection takes place in nature, it has not been 
possible to ascertain. It does not seem to be via the seed or the soil. Along 
with the head smut of maize [Sorosporkim Beiliannm (Kuehn) McAlpine], 
the long smut of jowar ITolyposporium Ehrenbergii (Kuehn) PatouilL] and 
certain other smuts, the mode of transmission of this smut wdll also have to 
remain a mystery for the time being. 

In the loose smut of wheat [Ustilago Tritici (Persoon) Rostrup] infection 
is floral and it takes place at the time of anthesis. But at the time the stigmas 
are in a receptive state, the spores of the smut are akeady present in great 
abundance, for smutted ears appear a little earlier than the flowers. In the 
case of Karnal bunt, the disease does not become manifest until the ears are 
mature and ready for harvest at which time there are no %vheat flowers at all. 
There is, therefore, little likelihood of infection being floral. 

Is it safe then to recommend seed treatments to control the disease ? 
When heavily-infested wheat seed has consistently failed to produce the 
disease in the resulting crop, it appears as though such treatments will no^ 
be of much avail. 

Summary 

The Karnal bunt of wheat {Neovosda indica) is prevalent in the Punjab 
and the North-West Frontier Province and may occur in the north-western 
districts of the United Provinces. 
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Attempts have been made to bring about this disease in pot experiments V 

since 1938. Disease-free seed was sown in heavily-infested soil and bunted 
seed sown in disease-free soil and also heavily-infested soil. Bunted seed 
was also sown in infested soil at different depths. _ Plants raised from bunted 
seed in infested soil were cut back to induce tillering with the hope that bunt 
would appear in the tillers. In almost all cases completely negative results 
have been obtained. 

Throughout the course of these experiments, three bunted ears appeared 

in infested pots but they also appeared in control pots that contained disease- 

free soil and were sown with disease-free seed. These few cases appear to be 
natural infections but it has not yet been possible to ascertain how such 
infection takes place in nature. > 
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PROPERTIES OF SYNTHETIC MIXTURES OF COLLOIDAL 
SOLUTIONS OF SILICIC ACID AND ALUMINIUM 
HYDROXIDE, I* ** 

BY 
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Calcutta 

(Received for publication on 14 April 1942) 

(With two text- figures) 

P REVIOUS investigations from this laboratory [Muklierjee, etal, 1937 V 
Mitra, 1936, 1940; Mitra et al. 1940; Cbatterjee, 1939] show that 
colloidal solutions of some hydrogen clays resemble silicic acid so far as they, 
show in common an inflexion point in the acid region when titrated with 
bases. The total acidity depends on cation eifects.*"^ The present investiga- 
tions on the properties of mixed gels have been undertaken on the lines of 
the work on hydrogen clays, pure gels and pure minerals which has been done 
in this laboratory. 

Bradfield [1923] studied the physico-chemical properties of a synthetic 
mixture of purified aluminium hydroxide, ferric hydroxide and silicic acid 
having the same composition as the colloidal material isolated from a heavy 
clay subsoil. He observed that the natural clay considerably differs from the 
artificial mixtures as regards (i) velocity of migration in an electric field ; (ii) 
buffer action towards alkalis ; {Hi) flocculation ; and (iv) the amounts of Al, 
Fe and Si brought into solution by acids and alkalis. The synthetic sol was 
positively charged while the natural colloid was negative. The former showed 
a stronger buffering towards alkalis than the latter and was most readily floccu- 
lated by polyvalent anions in the alkaline medium; the natural colloid was, 
on the other hand, most sensitive to multivalent cations in an acid medium. 
The artificial mixture was more soluble in dilute acids and alkalis than the 
natural clay. From these observations he concluded that there were differ- 
ences between the two regarding their chemical constitution. Mattson 
[1928, 1930] prepared synthetic systems by mixing increasing amounts of 
sodium silicate solution with aluminium chloride solution and obtained suc- 
cessively an electro-positive, an iso-electric precipitate and finally with an 
excess of silicate an electro-negative sol. A series of iso-electric precipitates 

* The results have been published in the Annual Report for 1939-40 on the working 
of a schome of Research into the Properties of Colloid Soil Constituents financed by 
the Imperial Council of Agricultural Research. A Note on this subject has been publish- 
ed in the Proceedings of the Indian Science Congress Association, 1941. 

** The total acidity has been found to depend on (i) pH and (ii) the nature of the 
base with which the sol is titrated. 
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were also prei^ared in "whicli the proportion of silica decreases with an increase 
in the iso -electric approaching zero at 7*0. It was found that the 
molecular ratio betw^een the constituents reaches a maximum buf remains 
al\¥ays less than three. The iso-electric is about fiwe for precipitates of 
this composition. The amount of silica in the precipitate could be increased 
by adding suitable cations wdiereas in the presence of multivalent anions the 
proportion of alumina is increased. The precipitate>s are electro-positive in an 
acid medium and electro-negative in an alkaline medium. Their base ex- 
change capacities increased with the ratio of silica to alumina and were of the 
magnitude observed wdth natural soil colloids. Mattson considers that sili- 
cate ions enter into the sesquioxide complex and low^ers the iso -electric j:)B[ 
as a result of the displacement of diffusible anions including hydroxyl ions by 
the silicate ions. 


) 



Bhattacharya and Ganguly [1936] and Bhattacharya [1937] have studied 
gels of silica, alumina and ferric oxides and their mixtures. They observed 
that the mixed gels adsorbed cations in excess of that calculated for their 
components. The pure gels take up most w^ater when saturated with Na, 
whereas the mixed gels have the greatest capacity .when saturated with Mg. 
The retention of w^ater w^as at a maximum at a silica-sesquioxide ratio of 1 • 4. 
Mixed gels containing SiOg and Al^Og or Be^Og saturated with various cations 
have cataphoretic velocities in the order Na> K> Mg> Ca> H and the 
reverse order w^as observed for mixed gels containing Al^Oa BogOg. 

Anderson and Byers [1936] titrated a mixed gel of aluminium hydroxide 
and silicic acid with caustic soda. Their titration curve shows a weak acid 
character and a strong buffer action in the region of 6*5. 

Table I 



Changes in the p// and specific conductivity of the mixed sols with time 


Specific conductivity 
X 10® mho 


Colloid 


After 
24 hrs. 


After 
1 weel^ 


After 
3 weeks 


1 Silicic acid sol 


2 Mixed sol 2 : 1 


3 , Mixed sol 1 I 


4 Mixed sol 1 : 2 


5 Alumimum hy- 
droxide sol 


Molar ratios of SiOg/Al 


j pH 

1 

1 

After 
24 hrs. 

1 

After 

1 week 

After 

3 weeks 

4 *10 

4 *09 

4-10 

4*09 

4 *05 


4*20 

4*53 

4 *64 

4-51 

4 *82 

4*76 

6*20 

6*25 

6*24 
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Sols of silicic acid and hydrous aJumina were prepared and purified in 
the . same manner as previously described [Miikherjee el al. 11130; 

Cli.atterjee, 1939]. Three synthetic mixtures were prepared .by adding iricreas’ 
ing amounts of colloidal hydroxide to a definite volume of silicic acid sol. 
Mutual coagulation took place as shown by the . presence of flocks but no 
appreciable sedimentation was observed till about three weeks had passed. 
In view of the heterogeneous character of the resulting mixture it was thought 
desirable to study the variations in the pH and speci.fic conductivity of the 
mixed sols with time. The results are shown in Table I. 

The data cited above show that the pH and specific conductivity of the 
synthetic mixtures change with time. The variations show the presence of 
a slow interaction between colloidal silicic acid and aluminium hydroxide- 

InTEK ACTION WITH ALKALIS 

The free and total acids of the synthetic mixtures as also those of colloi- 
dal silicic acid and aluminium hydroxide are given in Table II. The total 
acids have been calculated both at inflexion points and at pH 7*() in the 
titration curves. 

Table II 


Free and total acids of the mixed sols 




1 

a 

1 

1 Total acidity 

1 . XlOW 

1 

' 

System 

pE. 

Free 

acidity 

XlOW 

r 

At inflexion 
point. 

At pH 

7 *0 

pH at i.n.flex- 
ion point 

i Silicic acid sol 

\ 4 *09 

8*1 

! 

16-0 

37*0 

4 *9 

2 Mixed sol 2:1 

4 *05 

8*9 1 

78*0 (17 ■0)’*' 

78 *0 

7*0 (4*5)*^ 

3 Mixed sol 1:1 

4*50 

3-0 I 

77 *0 

72 *0 

7 *2 

4 Alixed sol 1 : 2 

4*82 

1 *5 i 

78 *0 

67 *0 1 

7 *4 

5 Almniniuin hydr* 
ox'de sol 

(:> *20 , 

1 

0*09 i 

1 

i 

16 *0 1 

! 

j 

.. 


* At first inflexion point (pH 4*5) 


The potentiometric titration curves (Eig. 1) of the mixtures with NaOH 
do not resemble those of either the aluminium hydroxide or the silicic acid 
sols and shoAc definite inflexion points between pH 6*5 and 7*5 as observed 
in the titration curves of some hydrogen clay and bentonite sols [Miikherjee, 
et al. 1937 ; Mitra, et al. 1940]. The mixture having SiO^ : Al^Og ratio of 2 ; 1 
shows two inflexion pointSj, one in the acid region (pH 4- 5) as observed with 


.i : 

jpl',..,.! 
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silicic acid sols [Chatterjee, 1939]. As the percentage of silica in the mixture 
increases the i nfl exion point found between pH 6 • 5 and 7 • 5 gains in sharpness. 

The amounts of acid neutralized at pH 7 • 0 also increase with the silica 
contents of the mixtures. At the inflexion point, however, they do not differ 
widely from one another but the pH at inflexion point slightly decreases 
with increasing silica content. 


O - AtuffliNium hydroxide Sol 
A - Silicic Acid Sol 
X - SyNthetic mixtuie (TT) 
a - ” ^1-1) 

a - ■>» »» (7;i) 


Concentrtxtion of a,dded NaoHxio^N 

Fig. I. Potentiometric titration curves of the synthetic mixtures as also those of 
colloidal silicic acid and aluminium hydroxide with sodium hydroxide 

Buffer capacity 

The buffer capacities (AB/ A p H) at different points in the titration curves 
of silicic acid sol, synthetic mixtures and colloidal aluminium hydroxide 
are plotted against the concentration of added alkali in Fig. 2. The buffer 
capacity curves of the mixtures do not resemble those of either silicic acid or 
aluminium hydroxide sols. The buffer capacity calculated by adding those 
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of the iiidiyidiial components at a given concentration of the alkali, is con- 
siderably higher than that obtained with synthetic inixtiiros. 



Fig. 2. Buffer capacity curves of silicic acid sol, synthetic mixtures and colloidal 

aluminium hydroxide 

Charge MEASTTBEMENTS 

The synthetic mixtures used in this work were all electro-positive (Table 
HI). A cell of the Abramson type was used for this 

purposev 
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Table III 


Sign of the charge of the synthetic mixtures and their appearance under the 

microscope 


System 

Sign of 
charge 

Appearance under microscope 

1 Silicic acid sol . 

— 


2 Mixed sol 2 : 1 . 

+ 

Number of small particles very few ; 
larger particles move more slowly 

3 Mixed sol 1 : 1 . 

+ 

Number of small particles few 

4 Mixed sol 1 : 2 . 

+ 

Small particles are found in greater 
numbers to collide with the bigger 
ones and vanish out of sight 

5 Ahiminium hydroxide sol . 




It is interesting to note that the mixture having SiOg : AI^Oq ratio of 2 : 1 
is electro-positive. Similar results have been obtained by Bradfield [1923] 
who found that a mixture having SiOg : Al^Og ratio of 1*85 : 1 was electro- 
positive. 

Summary 

The ^>11 and specific conductivity of the mixtures change with time 
showing the presence of a slow interaction between colloidal silicic acid and 
aluminium hydroxide. 

The potentiometric titration curves of the mixtures with NaOH do not 
resemble those of either the silicic acid or aluminium hydroxide sols. They 
show inflexion points between 6*5 and 7*5. 

The total acid of the mixtures calculated at 7 • 0 increases with their 
silica content but at the inflexion points they give almost identical values. 
The pH at inflexion, however, increases with the alumina content. 

The buffer capacity curves of the mixtures do not resemble those of 
colloidal silicic acid or aluminium hydroxide sols. 

The synthetic mixtures used in this work were all found to carry a positive 
charge. 
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Intbobrction 


T he value of suitable crop rotations in any system of crop growing for 
the purpose of maintenance of soil fertility is well known, it being a 
long-standing experience with farmers in all countries that crops grow better 
in rotation than in continuous succession. This aspect of agricultural practice 
assumes an additional importance under the trying conditions of irrigation, 



farming, and particularly under cane growing, in the Bombay-Deccan where 
the cane crop remains for a long time on the land. On an examination of the 
crop rotations ordinarily practised in the tract it was apparent that the success 
of maintaining soil productivity was largely linked up with the period of rest 
from cane-growing that each of the rotational systems would provide, those 
with proportionately longer periods under cane being considered to be exhaust- 
ing. However, it seems to be quite probable that different rotational crops 
may have certain pronounced effects on the soil condition. Actually, some 
of these crops are believed to exert a depressing effect on the yield of the succeed- 
ing cane crop. Therefore, in the w'orking out of systems of crop rotations 
suitable for a general agricultural practice for the canal areas which would 
ensure the maintenance of soil fertility and of cane yields at a high level it was 
considered imperative that detailed soil investigations on the effect of crop 
rotations should be first undertaken. 

Historical 

The scientific knowdedge that can be drawn upon to supply points for 
guidance for these studies is, unfortunately, rather meagre, except perhaps on 
the question of green manures as affecting soil fertility. The memorable 

*This scheme is partly subsidized by the Imperial Council of Agricultural Research 
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experlBient carried out by Bonssingault between 1834-41 [Riissell, 1937] dealt 
with various, rotations in order . to see which was the most efficaceoiis. From 
the analyses of the crops and inannres applied in each rotation he .arrived 
at the conclusion that, other things being equal, the best rotation 
is one which yields the greatest amount of organic, matter over and 
above wdiat is present in the iiiannre. But no account was taken of the balance 
remaining in the soil. The classical investigation of Daubeiiy in 1 845 [Russell, 
1937] w^as conducted mainly from the point of view of testing the hjq^otliesis 
of the toxic effect of crops on those folio-wing them but he was unable to prove 
the existence of any toxins. He showed that in continuous cropping the de- 
crease in yield was due to the more rapid removal of mineral nutrients required 
by that particular crop. Since i hen, although long-continued field experh 
ments with different crops have established the superiority of crops in rotations 
to continuous cropping [Weir, 1926], no explanation of the exact causes of such 
differences is yet forthcoming from the point of view of soil studies. A direct 
approach to soil problems involved in crop rotations is found in the work of 
Odland and Smith [1933] wdiere they have review^ed the results of the past 
work in this direction. They have grouped the various hypotheses put forth 
by different w’orkers for explaining the effect of certain crops on succeeding 
crops under the following four heads : 

(i) Crops that remove excessive quantities of mineral elements tend 
to impoverish the soil for those elements. 

(ii) Crops that remove the greatest excess of elements that are chemi- 
cally basic over those that are acidic create the gxeatest degree of soil acidity 
and correlated toxicity. 

{in) Crops that provide residues relatively high in carbohydrates and 
low in nitrogen are decomposed by micro-organisms at the expense of soil 
nitrogen, decreasing the supplies available to crops. 

(iv) Certain crops may excrete organic toxins from the roots or the 
decomposition of plant residues may leave organic toxins in the soil tempora- 
rily or permanently. 

From the results of 25 years’ experimentation at the Rhode Island 
Agricultural Experiment Station these authors were able to find support for 
the first tw^o hypotheses but no definite conclusions could be drawn regarding 
the rest, although in the case of corn it was found that the relative nitrogen 
removal by the preceding crops w’a>s correlated with yield. It may be noted in 
this connection that the explanation offered under (ii) above cannot account 
for the differential effects of rotational crops in the soils under the present 
study as they are highly calcareous, and changes, if any, introduced by crop- 
ping are usually counteracted by the lime reserves in these soils. 

The beneficial effects of green manuring by burying in leguminous crops in 
enhancing the nitrogen contents of soils and the yields of succeeding crops are 
already too well known and need not he discussed here. It has also been 
claimed by certain Russian workers [Russell, 1938] that fallowdng (where 
grasses are allowed to grow^ and growing of certain leguminous plants help in 
the building up of a desirable soil structure. But no comprehensive data, 
especially for Indian soils, on the effects of commonly growm rotational and 
green manure crops on tilth and other soil properties, are available, It is 
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proposed to deal with this aspect of the problem in a series of papers in order to 
arrive at a scientific basis of crop rotations for sugarcane for different soil types 
in the canal zones of the Bombay-Deccan. 

Outline of work * 

For the purpose of our study three of the more common rotational crops 
ordinarily grown in the tract, and wliicli were likely to fit into the general 
economics of agricultural practice, were chosen. These were groundnut, 
cotton and fodder joioar {Andropogon sorgMtm). At the same time, as green 
manuring has come to be accepted as a standard practice included in sugar- 
cane rotations two of these were included for study. One of them was sumi- 
hemp {Crotalaria jimcea) and the other was a leguminous weed locally called 
2 Mtada shevra (Desmodkmi dijfiisum) (Plate II), which was isolated at the station 
and, in preliminary trials, had shown promise of being a good substitute for 
sunn under certain conditions. The sixth and last treatment taken up for 
these studies was fallow, where weeds were encouraged to grow by a few^ 
waterings given during dry spells and the green matter ploughed in before the 
weeds produced seed, so as to avoid trouble by excessive weediness later on. 
The fallow treatment was included in order to provide a control as well as to 
meet the needs of certain large-scale, cane growers, particularly sugar factories, 
who do not find it convenient to grow intermediate rotational crops but leave 
the land fallow allowing natural vegetation to come up. For all practical 
purposes fallow, therefore, can be considered as a sort of green-manuring treat- 
ment and has been treated as such in the following discussions. Sugarcane 
was grown after these treatments with uniform cultural operations, irrigation 
and manuring. 

In the present investigations, we set ourselves to determine mainly {{) 
the general effect of each of the treatments on the soil and (n) the behaviour 
and growdh of sugarcane immediately following these treatments. Special 
prominence has, however, been given to the study of soil tilth, as a deteriora- 
tion of this soil condition is believed to be reflected in the general loss of heart 
of the soil occurring in cane areas due to exhausting cropping. 

Experimental 

Field experiment 

The following six rotational treatments w^ere laid out according to the 
randomized block system with four replicates for each treatment : — (1) cotton 
(2) groundnut (3) fodder Jowr (4) sunn (5) fallow and {&) patada shema. The 
gross plot size w^as 40 •8 ft. X 28 ft. (1*04: guntha ox 2*6 cents). Sufficient room 
between adjacent blocks and plots was provided to admit of separate cultural 
operations for the treatments hut when cane was grown these intervening 
spaces w^ere also planted so as to avoid exposure of isolated plots of cane to 
wind. The central plot, after leaving out a border, measured 36 *8 ft. x 20 ft. 
(0*68 guntha or 1*7 cents). The experiment w^as carried out on the Padegaon 
farm on a typical black cotton soil designated as ‘ B ’ type according to the 
classification adopted at the station [Basu and Sirur, 1938]. 






Pat ADA SHEVRA {Desmodmm diffusum) 

green manuring crop under trial at the Padegaon Station - fully mature 
crop with the roots exposed) 
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The kharif crops were grown in 1936 according to the usual iiietliocls of 
cultivation follow^ed in the tract. The time of sowing for the various crops 
occurred betw^eeii .the first w^eek of May (for cotton) to the second or third 
iveek' of June for jotvar and' groundnut. The number of irrigations varied 
from three to four for different crops according to their needs. Fallow- kvas 
irrigated at the time of sowing sunn and then again tw'o or three times during 
dry w^eather to encourage iveed growth. Regarding the disposal of crops, 
the green-mamiring crops (in -which fallo-w is included) weie ploughed under 
at the flowering stage. 

The preparatory tillage for cane excluding the ]}loughing for green- 
manure crops, .which -was given at the time of burying the crops, consisted 
mainly of one ploughing by gallows plough. In the case of green-manuring 
crops this is usually given in middle to late jNovember when the land comes 
into condition after the stoppage of the rains ; but in the case of rotational 
crops whose growth period extended beyond the rainy season, e.g. in cotton 
and groundnut, the ploughing wuas given soon after harvest of the crops. 
The period of ploughing for the different crops thus varied betw een mid- 
November to earl}/ December. This may be taken as tlie main-tilth-producing 
operation as the soil is left, subsec|uent to ploughing, to the weathering action 
of the atmosphere for about a month or more. The land wuis then worked 
with a disc harrow, and finally laid in ridges and furrows for cane planting in 
January. 

Subsequently cane w^a^s grown in the season of 1937-38 with identical 
manurial and cultural operations, the details of wdiieh are given later. 

Methods employed 

The laboratory fi^ld methods followx‘d for determining tJie various 
soil properties are described below^ : 

Soil tilth. Tlie method developed by Keen [1931] at Rotliaiiisted for 
measuriiig the effect of cultivation implements on the soil w as followed for 
determining soil tilth. Fresh samples of soil from the field w'ere made to pass 
through a bank of sieves of decreasing mesh size (having, in order, square 
meshes with length of sides 1| in., fin., I in., and finally round holes 3 mm. 
in diameter) and the fractions so separated w^ere w^eighed. A single value 
index for soil tilth on the basis of relative surface area w^as calculated as recom- 
mended by Keen. The method w^as previously standardized by wmidiig on a 
large number of soil samples and the number of movements to be given to each 
sieve for effective separation of the fractions was w^orked out so as to reduce the 
personal error to a minimum. The determination was also done on a suffi- 
ciently large number of replicates so as to reduce the standard error within a 
reasonable limit. 

Dispersion coefficient. This w^as taken as the ratio of clay obtained by the 
dispersion of the fresh soil by w-ater alone to the total clay obtained by the 
International method of mechanical analysis. 

Oxygen-giving power^ Determined by the change in colour produced in 
an aqueous solution of ^ aloin ^ by shaking up fresh soil with the solution and 
comparing the colour with standard ‘aloin’ solution as recommended by 
Waksman [1931]. 
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For the sake of economizing space the methods already described in pre- 
vious publications of the series have not been given here. 

Presentation of data and discussion 

The rotational crops were grown in the kharif season of 1936. The yields 
of all the crops were satisfactory and are given in Table I. 

With the first ploughing soon after the harvest of the crops, tilth was 
determined by the field sieving method. The figures of this determination will 
be, however, considered later when discussing the seasonal changes in tilth. 

Table I 


Dates of sowmg and harvesting and average yields in different kharif rotational 

crofs 


Treatment 

i 

^ Date 

i of ■ 

1 sowing 

1 

Date 

of 

harvest 

Approximate 
period of 
growth 

Yield per acre 
(lb.); 

averages of 
four replicate 
plots 

Groimdnut 

16 June 1936 

14 December 
1936 

6 months 

3,520 

(dry pods) 

Cotton 

3 May 1936 . 

2 December 
1936 (final 
packing) 

7 „ . 

1,904 

(seed cotton) 

Joivar . . . j 

2 July 1936 . 

16 October 
1936 

3^ „ 

22,125 

(green fodder) 

Fallovr 

j 

21 May 1936 
(first irrigation) 

10 September 
1936 

U „ 

10,673 

(green weeds) 

Sunn . ■ . . I 

1 

21 May 1936 

1 8 August 

1936 1 

3 

22,409 

(green matter) 

Pcitada shevra . . [ 

i 

1 

21 May 1936 ' 

14 September 
1936 

H- „ 

14,976 

(green matter) 


Soil studies before cane planting 

The main soil studies, which were done in great detail, were undertaken 
in January 1937, and may be classed in tw^o categories : (a) soil tilth and pro- 
perties expected to be closely associated with this condition and (6) fertility 
factors. Slost of these w'^ere done in as large a number of replications as 
possible so as to allow of their being statistically w^orked out. The determina- 
fcions and number of replicate observations for each are given in Table II. 
For the present discussion, how^ever, only the average figures for the various 
properties and their bearing on the general soil condition and on the subse- 
quent cane crop will be dealt with. The statistical part of the w^ork will be 
published separately along with other replicated data of soil analyses. 
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Table II 

N'liniber of replmde taken for the {lijferent soil pro])eriim 



Number of 
observations 
per plot 

Total nuiTiber 
of observations 
for each 
treatment 

(a) Soil tilth, (3 tc. 



1. Single value index for tiitli by field-sieving 

20 

80 

'2. Moisture . . . . . , . 

10 

40 

3. Nitrate 

10 

40 

4. Oxygen -giving power . 

5 

20 

5. Disp^u'sion coefficient ..... 

! 1 

i 1 I 

i I 

4 

6. Bacterial number ..... 

i 1 

1 

(b) Fertility factors 



1. Nitrogen . ' . . . . . ' . 

1 ^ 1 

4. 

2. Humus ....... 

1 

4 

3. Carbon . . . . . • . | 

1 1 

4 


The average single-value figures for soil tilth, the dispersion coefficient 
and moisture are given in Table III. 

It may be seen that the soil tilth is best after patada shevra followed more 
or less closely among themselves by the treatments jottw, cotton and ground* 
nut, tilth after fallow and sunn being comparatively inferior. This latter 
result is rather unusual, the general expectation being that green manuring 
should have improved the condition of soil tilth. The only explanation that 
can be offered for this phenomenon is that the burjdng in of sunn (and weeds 
in fallow in the present case) has to be finished during breaks in the rains 
which keep the land more or less continuously wet during late August and in 
September. Consequently, it is likely that the soil structure might have been 
temporarily destroyed to a certain extent due to the slightly wet condition 
of the soil at the time of ploughing. But this was unavoidable. It is interest- 
ing to note that Russell and Keen [1938] have observed a similar difficulty of 
carrying out tillage operations at the proper time in their work on the effect 
of cultivation on crop yield. Dispersion coefficient, on the principle of low-er 
dispersion indicating better tilth, show^s somewhat the same trend, although 
not exactly in the same order, which in this case is cotton, patada shevra'i> 
jowar, groundnut >sunn>fallow. It thus show^s a fairly good agreement 
witli tilth hy sieves. Moisture showB a certain amount of variation among 
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the treatments and is, except in groundnut, higher where tilth is inferior, 
e.g. in sunn and fallow. There are two aspects of the moisture content of the 
soil to be considered. One is, how various factors under the different crops 
have contributed towards the present moisture status of the soil. Second is, 
how this moisture condition has affected the sepaxation of the natural aggre- 
gates by sieving which has been discussed below in connection with the rela- 
tionship with tilth and other properties. With regard to the first aspect, 
making due allowances for other factors which may have been responsible for 
modification of soil moisture, there is perhaps yet some scope for the interpre- 
tation that the higher moisture content in treatments with inferior tilth (ex- 
cepting groundnut ) has been due to the holding up of the moisture in the 
upper layers on account of imperfect drainage caused by bad tilth. 

Table III * 


Average single-value figures for tilth, dispersion coefficient and moisture in soil 
after different rotational treatments 


Treatment 

Single -value 
index for 
soil tilth 

Dispersion 

coeffi- 

cient 

Moisture 
per cent 

Groundtiut 



238±5-2 

4S-40 

27 *3 ±0 *609 

Cotton 

. 

• 

243 ±6-0 

31 *05 

24 *8 ±0*667 

S’odder jowar 

* 

• 

253±7-1 

46*93 

21*2±0*785 

Fallow 

. * 

• 

195±5 -3 

62 *64 

26 *4±a *649 

Sunn 



184±4-9 

52 *20 : 

28*1±0*562 

Fatada ahevra 

. 


276dz7 -9 

33*24 

26 •2±0 *991 


Average bactertial number, nitrate and oxygen-giving power are shown 
in Table IV. 

Generally speaking, the green-manuring treatments in which fallow has 
been included are superior both in bacterial number and the nitrate content to 
the other treatments, the effect, if any, of the condition of soil tilth being com- 
pletely masked by the effect of addition of green matter. Among the green 
manures, the green matter incorporated (Table I) has caused a proportionate 
increase in nitrate but not in bacterial number. The oxygen-giving power was 
expected to be more with better tilth and the figures, which are direct colori- 
metric readings with a standard ‘ aloin ’ solution, should be comparatively 
low-er in the case of treatments with better tilth. There is, however, no consis- 
tency that can be seen in the data. 
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Table IV 

\ I Averaffe bacterial number , nitrate and oxygen-giving power in soil after different 

rotational treatments 


Treatment 

1 Bacterial 

1 number 

1 Nitrate 

(NO 3 -N) 

, Oxygen -giving 

1 power* 


j per gm. of 

mg . /1 00 gm. 



! dry soil 

dry soil 


Groundnut 

. i 56,000 

0*03 + 0*0090 

! 2-68±0-1712 

Cotton .... 

. : 23,750 

0 *02 + 0 *0054 

j 3-56±0-21.59 

Fodder . . . 

. ! 32,000 i 

0*02 + 0*0046 

1 3-10 + 0-1688 

Fallow .... 

. 1 116,000 1 

0*06±0*0105 

3 -12^-0 -2655 

Sunn .... 

. i 67,500 1 

0*294:0 *0480 

3-34-I-0-2135 

Patada shevra 

. ! 158,750 • 

0*144:0*0042 

3-09±0-2032 


♦Direct colorimetric readings with a fixed height of standard ‘ aloin ’ solution 


The general relations between the tilth and other properties are well 
brought out in Fig. 1. 



Fig. 1. Relationship between tilth and other associated soil properties 
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H^ere the tilth figures, arranged in descending order, have been joined by 
an entire line and the other corresponding properties (excepting oxygen-giving 
power) have been plotted and joined by various other distinguishing lines. 
It can be seen that the curve for dispersion coefficient runs more or less in the 
opposite direction to that of the tilth curve, thus showing the inverse relation 
between the two types of determination of the same soil property. The mois- 
ture curve sho ws for the greater part of its course a fairly good parallelism with 
the dispersion-coefficient curve, thus indicating the relation between the two. 
The nitrate and bacterial number curves are independent and form nearl^r 
parallel trough-like figures. 

In considering the effects of the crops on the fertility factors, it was thought 
better to see to what extent the different treatments have modified the original 
level of these constituents rather than compare the figures only at the end of 
the experiment. In Table V nitrogen and humus contents of the soil, before 
and after the different treatments and their ratios with the original as 100, 
are given. 

Table V 


Average nitrogen and humus contents of soil before a.nd after different rotational 

treatments 


Treatment 

Nitrogen 

(mg, per 100 gm. soil) 

! 

Humus 
(per cent) 

Origi- 

nai 

Final 

Ratio with 
original 
as 100 

Origi- 

nal 

Final 

Ratio with 
original 
as 100 


Groundnut 

49 -9 

51 *1 

102 *4 

0*68 

0*65 

95 *6 

Cotton . . . 

50*7 

53 *8 

106*1 

0*72 

0*69 

95*8 

Fodder /owr 

53 *0, 

49*8 

94*1 

0*70 

0*71 

101 *5 

Fallow . 

52 *3 

54*2 i 

104*1 

1 

0*69 

0*66 

95*6 

Sunn . , 

53*4 

57 *7 

110*0 

0*72 

i 

0 *71 

98 *6 

Patada shevra 

49*6 

54*7 

113*9 

0*66 

; 

0*69 

104*6 


A general scrutiny of the figures shows that the nitrogen status of the soil 
has been appreciably raised by suim and patada shevra to the extent of 10 and 
13 ’9 per cent respectively. Fallow has been vei'y successful as the increase 
of 4 • 1 per cent cannot be considered as appreciable. Among the other treat- 
ments, cotton tends to enhance the nitrogen level while jowur M,b slightly 
depressed it. Groundnut has caused very little change. Gomparing the 
actual nitrogen content of the soil after the treatments (i.e. the nitrogen leve 
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which would be further directly useful for the succeeding cane crop) it may be 
observed that it is the highest in sunn followed with small variations aniong 
themselves by x>Mada shevra, fallow and cotton. Groundnut and joivar are 
comparatively poor. An important point which would have to be considered 
in this connection is the ease with which this nitrogen in various treatments 
would mineralize and supply available nitrogen and there is an indication from 
the higher nitrate figure in the green manure treatments that the nitrogen in 
these plots is more readily available. With regard to humus there seems to 
be a general tendency for lowering of this constituent, even in the green- 
manuring treatments. It is not clear whether in these latter treatments, where 
considerable amounts of organic matter have been added, this is due to rapid 
oxidation and consequent loss of organic matter under tropical conditions. 

As is well known, C/N ratio is an important factor in controlling the biolo- 
gical activities of the soil, and in fertility investigations on cane soils conducted 
at this station, it was found to be one of the main clues to the state of tempo- 
rary soil exhaustion. It was, therefore, felt desirable to examine the C/N ratios 
of the soil as affected by the rotational treatments and how they were likely 
to affect the succeeding cane crop. In Table VI average figures for carbon and 
C/N ratios before and after the rotational treatments are given. 


Table VI 

A.V€,T(tg6 ccii'bon cont&nls of soil and CJN vatios befoTs and aftej’ diff&Tcnt Totational 

treatments 




Carbon 



C/N rati 

o 

Treatment 

Origi- 

iiai 

Final 

Final as 
percentage 
of original 

1 Origi- 
1 nal 

Final 

I Final as 
percentage 
of original 

Grouncliiufc 

per cent 

1 -23 

per cent 

1 -17 

I 

95*1 ■ j 

24-7 

23 -0 ; 

I 

'93-1 

Cotton . . . 

1 -21 

1*24 A 

102-5 i 

j 

23 -9 

23 *0 i 

.96 -2 

Focitler . 

1 -23 

1 -19 i 

■ 96-7 1 

23-3 

23-9 

102 -5 

Fallow . 

1T7 

..n 1 

. 94 ‘8 . j 

22-6 

20-7 1 

91 -6 

Sunn . ' , . , ' . 

1 -15 

1 -09 1 

94-8 

21 -5 

18-9 i 

87 -9 

Patada shevra 

I-IO 

i*17 i 

1 

106-4 

22 *2 1 

21-5 1 

! 

■■ 96-8 


The carbon contents of the soil in all treatments except cotton and patada 
shevra are showing slight decreases from the original but the changes are 
V generally not so pronounced for any definite conclusions to be drawn.*^ How- 

ever, the tendency for lowering in carbon in the treatments fallow and sunn 
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requires mentioning and is again an indication of rapid oxidation of tlie organic 
matter which was added much earlier in these cases than in patada shevra. 
This corroborates the observations on the humus content. With regard to 
the niodification of the C/lSr ratios by the different treatments, it may be seen 
that fallow and sunn have appreciably lowered the ratio. This may be taken 
to be a favourable indication of their effects. The C/N ratio under patada 
shevm has shown only a slight decrease and it is likely that this is due to incom- 
plete oxidation of the organic matter which was incorporated, as has been 
stated above, much later than in sunn and fallow. 

It may be worthwhile, in passing, to mention about'the actual values of 
the C/N ratios obtaining in these soils. This ratio is considered to be about 
10 to 12 in normal fertile soils, in comparison with which the ratios reported 
here will seem to be too high. The question of a certain amount of variation 
in the ratio in different climatic regions has been discussed by Russell [1937] 
wherein he has quoted figures obtained by McLean for Transvaal black loam 
as 14*4, Recently, Hosking [1935], when comparing the properties of the 
Australian black earths with the regiir of India has reported variations between 
13*0 to 18 *5 for Australian soils and 8*3 to 21*3 for regur. Further corro- 
horation is available for high ratios in the latter soils from the work of Saliasra- 
buddlie [1929], from whose figurCvS for carbon and nitrogen for a typical black 
soil in the Poona district, the C/N ratio on calculation is found to give a figure 
of23h. 

Effects of different rotational treatments 

The effects of the general soil conditions, particularly of tilth, left after the 
various rotational treatments w^ere closely observed on a crop of cane, planted 
soon after the completion of the studies described above. The choice of a 
suitable variety for this experiment presented a matter for some thought. 
It was felt that it would be desirable to have a variety which would withstand 
the effects of vagaries of the climate and thus be sure of completing a successful 
growth period, but which at the same time would fairly reflect in its growhli 
and behaviour the effects of the treatments. From these points of view* the 
choice fell on Co 419 wdiich had also the advantage that it was being generally 
adopted in the canal areas and, therefore, it was believed that the results of this 
experiment would possess a fairly wide applicability. 

The cane was growm according to the standard method of cultivation which 
was recommended at that time by the station, the main features being a 4 ft. 
spacing between rows, 10,000 setts (of three eye-buds each) per acre, and 
150 lb. nitrogenous top-dressing half as S/A and half as cake, given in three 
equal doses of nitrogen at three and eight w^eeks after planting and finally at 
earthing up, about 4| to 5 months after planting. No basal dose of 
manure w^'as given to any of the treatments. It is of course usual that wdiere 
the land has been green manured, no basal dose of manure is applied, but in 
the present experiment it was purposely withheld even in the other treatments 
in order to avoid the interference of the treatment effect by the manure. 

The rapidity of germination of cane was the first observation to be taken 
as a factor most readily susceptible to the condition of soil tilth. The results 
are shown in Table VII where the treatments have been arranged in 
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descending order of tlieir tilth and the corresponding germination at three 
and eight weeks respectively after planting shown against them. 

Table VII 


Germination of cane after different rotational treatments 



I Tilth before 
cane planting 

1 Germination (per cent) 

Treatment 

(single value 

i . index) ' 

1 

1 

i Three weeks 

1 after planting 

' Eight weeks after 
planting 

1 

Patada skevra ^ 

1 276 

i 48 -Oil -343 

71 -Oil -378 

Fodder jowar 

253 

48 -Til' *475 

€9 -8 ±1-396 

Cotton 

243 

46 -ii 1-691 i 

72 4j±l *138 

Groundnut 

= 238 

46-1^1*425 

70 •7±i -096 

Fallow 

195 

46-1 ±1-911 

73-l±I -143 

Sunn , . . 

184 1 

36 •9± 1-424 i 

1 

69-5±l*160 


It may be observed from Table YTI that the trend of the germination at 
» three weeks is a fair reflection of the tilth. For, leaving aside the figmes for 

jowar and fallow, patada skevra has given the highest germination, follow^ed by 
cotton and groundnut, where evidently minor differences in soil tilth have not 
caused any outstanding differences in germination. The striking result is 
the poor germination in sunn ^vhich had comparatively inferior tilth. It 
must be, however, explained here that ordinarily a simple interpretation of 
this kind of the germination of cane is beset with difficulties due to uneven- 
ness of planting but special precautions such as proper selection of seed material 
etc. were taken to ensure that the conditions of planting w^ere made as uniform 
as possible [Rege and Wagle, 1939]. The germination at the end of eight weeks 
has, however, nearly equalized in all cases showing that the tilth condition 
was only effective in promoting a quicker initial germination. Russell and 
Mehta [1938] found similar results when studying the effect of seed-beds pro- 
duced by different cultivation implements on the germination of wheat. 
They observe : ‘ The germination on the roto-tilled plots was more rapid than 
on the other treatments studied for the first few days. Then the other treat- 
ments usually catch up, and when germination is complete there is no syste- 
matic difference in favour of any treatment.’ 

During this time when the cane w^as germinating the growth and vigour 
of the seedlings was closely watched and from the time when the cane had 
fairly established itself in ail the treatments it was apparent even from visual 
examination that the seedlings in treatments which had better tilth w'ere 
more vigorous and showed a better stand than in treatments which had in- 
ferior previous tilth. Quantitative determinations based on the weights of 
the seedlings were then started from a period of ten weeks after planting. 
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These latter observations on the growth of cane consisted of taking the 
weights of plants cnt from a 2 ft. length of row^ from each plot at certain im- 
portant stages of the crop growdh. These strips were selected to represent 
the average growth of plants over the whole plot and, after exposing the setts 
by removal of the overlying soil, the plants were cut and immediately sent 
to the laboratory where they w^ere weighed and a representative sample kept 
for moisture. The roots of the plants were separated, w^ashed thoroughly 
to remove adhering soil, dried and W'eighed. 

The shoot weights anjJ root weights at different periods are shown in 
Table VIII. 

It will be seen from the figures that, in the first period the shoot weight 
is highest in cotton, next in patada shevra, followed in somew'hat close order 
by the other treatments. In jowar, the shoot weight is low^est among the 
treatments, and it may also be observed that sunn and fallow are much poorer 
than either cotton or patada shevra. In the second period of study, viz. 14 
weeks after planting, cotton still retains its superiority but the margin is 
now narrower, the other treatments having made some headway. Jowar, 
however, continues to be the poorest among the treatments. A notable 
feature of the third period of study, w^hich was taken first before earthing up 
is the progress made by sunn w^hich is now highest in shoot w^eight and has 
even surpassed cotton. Fallows however, has not made similar progress, while 
groundnut and jowar are now comparatively inferior among the treatments. 

Table VIII 

Periodical weights of shoots and roots in cane after different rotational 

treatments 

(Dry matter in gm. in 2 ft. row lengths) 

(Average of four observations per treatment) 


Treatment 

] 0 weeks after 
planting 
(16 April 1937) 

14 weeks after 
planting 
(17 May 1937) 

20 weeks after 
planting 
(26 June 1937) 

Shoot 

Tveight 

Root 

weight 

Shoot 

weight 

Root 

weight 

Shoot 

weight 

Root 

weight 

Groundnut 

57 ’8 

11 -4 

198 -0 

26 -7 

673 -7 

82-5 

Cotton 

89-2 

15-9 

262 -3 

36-8 

823-9 

110-3 

Fodder jowar . 

60-8 

13-3 

177 -3 

26-8 

670 -6 

91-1 

Fallow 

55-3 

! 

12*3 

233 -7 

32 -6 

698 -6 

91 *8 

Sunn 

1 60-0 

11-7 

195-4 

28 -0 

848 -2 

119*3 

Patada shevra . 

j 74 -0 

12-7 

i ^ 217-2 

1 

- 25' -5 

785-1 

109 -2 


n 
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Regarding the weights of roots, at. the first period, the ^\'eig}it is highest 
in cotto.iL and then, in descending order, with small diff'erences c.mong them- 
selves, being jowar,^ patcula shevra and follow, .Siinn and gitnmdinit are in- 
ferior. In the seco,nd period, cotton is still best with follong'V'hich has since 
moved up, a close second. The other- treatments are more or less alilvc. In 
the third stage there is highest root development in sunn, followed by ccrtton 
and patada shevra wh,icli are nearly ecjual, the other treatments, particii.Iarly 
groundnut, being inferior. 

Considering the relation which these two factors bear with tlie soil condi- 
tions, it may be stated that in the first stage the greater v- eights, of both slioots 
and roots have been associated with the previous better tilth shown by tlie 
treatments, though not exactly in the same order. Cotton and patada she/vra 
are especially prominent in this respect in both shoot and root weight w'hile 
the condition under jotvar has reflected only in a better root weight. This 
is probably the period when the physical condition of soil has a more pro- 
nounced effect on the plant growth under the present conditions of study. 
In the second stage we find that the green-manuring treatments which had 
the advantage of a higher level of fertility gradually making up and from this 
time onwards the effect of the soil tilth is masked by fertility factors. Of 
particular interest are the effects of cotton, which has encouraged cane growth 
much beyond what was expected from its condition of tilth and fertility, 
and in the third period of study, although sunn has surpassed it in total growth , 
it still remains superior to patada shevra and fallow. This order was more or 
less maintained in further growth observations like height, girtli, etc. and in 
the final yield of cane. 

The determination of soil tilth at periods corresponding to the above 
growth observations was attended with difficulties. The soil, even nine 
days after imgation (i.e. just before the due date of the next irrigation) is 
usually too wet for the field-sieving method to be successfully employed. 
No other kind of any special apparatus, e.g. Tiiilin’s sieves for measuring the 
water-stable crumbs, was available. This has been adopted in our later 
studies. Other methods, more or less iraprovized or only just indicative 
of the general state of things, had to be adopted. During the first stage the 
distribution of irrigational water in the profile in 6 in. layers to a total depth 
of 2 ft. wa.s determined on the assumption that a free and easy penetration 
would indicate a better physicrd condition or tilth of the soil. These results 
did not fulfil expectations and the most which could be said about them 
is that among the treatments only patada shevra and cotton showed a gradual 
gradient of moisture from the top to the lower layers and could thus be said 
to have retained their former good tilth. 

At two subsequent periods the dispersion coefficient w^hicli w'as also 
done before cane planting and has already been described, was employed 
as an indication of soil structure. The results are sliowui in Table IX. 

The attainment of a nearly uniform state of micro-structure even from 
the second period of our study (i.e. 14 weeks after planting) is shown by the 
first set of figures. The values at the later period (20 weeks) are also nearly 
equal but the general clispersion is slightly higher than at the former period, 
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Table IX 


Dispemon coefficient of soil at various periods of growth of cane after different 

rotationaltreatrrients 

(Averages of four separate determinations) 


Treatment 

At 14 weeks after 
planting 

At 20 weeks after 
planting 

Groundnut ... 

, 


59 *78 

62*42 

Cotton . . 



58 -IS 

59-10 

’Foddev jowar 

• 

• 

58 -24 

61 -09 

Fallow . . . 


• 

59*38 

62 -74 

Sunn . 

. 

. 

58*66 

61 -56 

Fatada shevra . . . 

• 

• 

58*47 

64 -46 


These studies would appear to indicate that the soil structxire under imga- 
tion and cane growing tends to equalize whatever the previous treatment. 

The ultimate ejBfects of the different rotational treatments on the cane 
crop may be seen on the final yield of cane the figures for which, with other 
observations, are given in Table X. 


Table X 

Harvest data of cane after different rotational treatments 

(Averages of four replicate plots) 



Yield per aci*e 

Calculated 
weight per 
cane in 
lb. 

Purity 

of 

Treatment 

Number 

of 

canes 

Weight 

in 

tons*^ 

juice 
per cent 

Groundnut . . . 

26,917 

24*32 

2*02 

92 -0 

Cotton .... 

30,782 

28*85 

2*10 

89 *3 

Foddei jowar 

28,083 

26 -76 

2*13 

91*5 

Fallow .... 

30,080 

30-39 

2*26 

91*8 

Sunn ..... 

32,873 

32 -68 

; 2,„*23 

90*7 

Fatada shevra 

33,159 

34 -27 

2*31 

92*1 


* Critical di^erence for significance 4*29 tons per acre 
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It is eyident from the figures given in Table X that the yields of treat- 
ments fall into two groups, green-mamiring and otherwise, the greeii-iiiaiiiir- 
ing treatments having finally established themselves as superior to the other 
treatments. In other words, the factors contributing to the fertility level 
of the soil have more than recompensed for the initial advantage obtained 
by some treatments due to superior 'tilth. Where both these factors %vere 
combined the yield lias been the highest as in patada shevra. The order of 
yields is patada >simn> fallow > cotton>Jo«raf >groundimt. The 

analysis of variance showed high significance for treatments. The critical 
difference for significance being 4*29 tons per acre, patada shevra is significantly 
superior to all except sunn and ^fallow (being very nearly so over the latter). 
Among the rotational crops, cotton stands out prominent as having had the 
best effect on the cane crop and is inferior statistically only to patera shevra. 
The order of yields generally agrees with that of the plant population and the 
weight per cane. It is of particular interest to note that in spite of higher 
number of canes in the green-manuring treatments in general, the weight per 
cane is also higher, showing the beneficial effects of higher available nitrogen 
(Table IV). The purity of juice, however, has not suffered on this account. 

In summing up, it may be seen that the yields are well correlated with 
the initial nitrogen status of the soil. Referring back to Table V, it will be 
seen that in patada shevra, sunn, fallow and cotton which gave higher yields, 
both the actual nitrogen level as well as the extent of increase of the original 
by the treatment are higher, though not in the same order as of the yields. 
Conversely, in the treatments groundnut and jotvar, it can be said that the 
nitrogen deficiency caused by them has been the main factor in depressing 
the cane yield. It was also pointed out that nitrate (Table IV) was higher 
in the green-manuring treatments indicating a higher level of available nitro- 
gen before cane planting. It is likely that in these treatments the ready 
supply of available nitrogen continued during the life of the cane crop. With 
regard to other factors that may have induced better growth in the green- 
manuring treatments, the tendency to lower the C/N ratio (Table VI) is likely 
to have had a beneficial effect on the biological activities in soil favourable 
to plant growth. The available phosphoric acid was also determined before 
and after some of the rotational treatments in the expectation that this would 
throw some light on the behaviour of cane yields but the figures did not show 
any consistency. 

Soil condition after completion of one rotational cycle 

After the harvest of the cane crop soil tilth was again determined to see 
the condition left after the completion of the rotational cycle. Field-sieving 
was done as before but as it was thought that the cane I'oots which are fairly 
extensive might interfere with the sieving, the tilth w^as separately determmed 
within the root zone and away from it, the figures for which and those for the 
oorrespoiidmg moisture contents are shown in Table XI. 

It will be observed that in spite of differences in moisture content the 
tilth figures are fairly close. It is likely that the whole of the soil mass must 
have been reduced to the same condition of tilth by cane growing and later 
the soil away from the root zone, i.e. near the surface and in the intervening 
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Table XI 

Comparative figures for soil tilth and corresponding moisture contents after cane 
within and without the root zone 

(Averages of 40 separate determinations per treatment) 


Treatment previous to cane 

Within the root zone 

Without the root zone 

Single-value 
index for 
tilth 

Moisture 

(per 

cent) 

Single-value 
index for 
tilth 

Moisture 

(per 

cent) 

Groundnut . 


222 

21 *7 

207 

16-0 

Cotton 


229 

20*6 

232 

15*4 

Fodder jowar 


242 

19*3 

268 

17*2 

Fallow 


212 

20-8 

217 

14*9 

Sunn . 


206 

21 *2 

217 

16-3 

Fatada shevra 


227 

21 -3 

226 

16 '4 


spaces between the cane rows must have dried to a lower moisture content. 
It is noteworthy that, though the soil had attained the same state of micro- 
structure as shown by the dispersion coejficient during cane growth, the trend 
of the present figures is not very dissimilar from that before cane planting. 
That is, treatments jowar^ cotton and patada shevra are in a group showing 
more or less better tilth while fallow and sunn are still inferior from this point 
of view. Either the treatment of agitation that the soil undergoes during 
the determination of dispersion coefficient is so drastic as to reduce the soil 
to the -same micro-structure or, the soil, after partial drying, has taken up a 
field alignment of soil particles similar to that before cane planting. This 
aspect will be probably clarified when the determination of water-stable 
crumbs which are in progress at present is completed. At the same time 
it may be noted that the differences between the various treatments tend to 
narrow down after cane growing. Another remarkable result is that, after 
the di'astie treatment, particularly by way of frequent heavy irrigations, 
the soil has undergone during cane growing, the tilth has remained at a com- 
paratively high figure in all the treatments, having actually increased in fal- 
low and sunn. 

Changes in the micro-structure due to cane growing 

While considering these changes in the summation figures (single-value 
indices) for soil tilth from time to time it would be worthwhile to go into the 
details of the changes which the various fractions have undergone. Accord- 
ingly, the average summation figures for tilth immediately after the harvest 
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of the IchdTif crops in 1936, those Just before Ccine planting in January 1937 
and, finally after the harvest of cane in March 1938 , with the proportions 
of the different soil aggregates, on each occasion are given in Table XU. 

Table XII 


Results of aggregate analysis of the soil, after harvest of kharif crops, before cane 
planting, and after harvest of cane 


(Averages of 80 separate determinations per treatment) 


Treatment 

First 
fraction 
> IJin 

( 

i 

1 Second 

1 fraction 
>5/8 in 

i 

j 

Third 
fraction 
.>1/4 in 

Fourth 
fraction 
>3 mm 

Fifth 
fraction 
> 3 mm 

i Average 
summa- 
tion 
figure 

Griticai 
difference 
for signi- 
ficance 
(P== *05) 

Groundnut — 

a . 

i 51 *9 

Percen 

1 

17*5 

tages of t 

, 12 *0 

otal weig] 

12-7 

it of soil 

4*6 

1 

236 


b 

' 63-3 

15*7 

1 7*2 

7*0 

6*7 

238 

14*4 

c , 

59-1 

21 *0 

8*0 

6*5 

5*4 

207 

Cotton — 

a , 

64*0 

13-8 

8*1 

8*7 

5*2 

217 


6 , 

63*3 

16-4 

6*9 

6*4 

7*0 

243 

13*9 

c , . . 

54-1 

24-0 

8*7 

7*1 

5*9 

232 

Fodder jowar — 


! 



i 



a , 

66*8 

13*0 

7*2 

6*8 

6*1 ! 

223 


h 

64-2 

15*4 

6*4 

6*2 

7*8 

253 

19*0 

c , 

51-2 

23 *9 

9*2 

8*1 

^ 7*0 

268 

Fallow — 








a ■ * 

62-6 

13*0 

9*1 

9*5 

5*1 

221 


5 . 

68 *0 

15*3 

6*3 

5*5 

5*0 

196 

14*6 

c . ■■ 

54 «8 

24 *5 

8*6 

6*6 

6*4 

217 

Bunn — 

CJ * . , 

, ■ * . . • " *1 

67*9 i 

13*3 

7*7 

s 

7*1 

3*9 

j 

183 


h , 

70-3 i 

14*0 

5*9 

5*2 

4-6 

184 

13*2 

c . . . 

57*8 j 

21 *2 

8*6 

6*6 

5-5 

217 

Patada shevra — 1 








«... 

60 *4 

12*3 

8*7 

10*5 

7*9 

280 j 


6 . 

58*7 

16*9 

7*6 

7*7 

9*1 

276 i 

21-8 

C' ■ . . ■ 

55*3 

22*0 

8*8 

7*2 

5*8 

226 1 


ass after harvest of Marif crops 
5 —before planting of cane 
0=5= after harvest of can© 
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Considering the figures against ‘ a ’ in Table XII, i.e. soon after harvest 
of the kharif crops, it can be seen that the order of tilth, according to sum- 
mation figures, is patada shevra> grouiidmit'^p^ jowar, fallow, cotton >sunii. 
Eegarding the proportion of different-sized aggregates in the different treat- 
ments, it may be observed that the fraction larger than 1| in. (i.e. the frac- 
tion reinaining on the first sieve) forms by far the largest portion. The differ- 
ences in the final tilth figures appear to be due mainly to variations in the 
first and the last fractions. It may be remembered that, as the last fraction 
has to be multiplied by 20 to obtain its relative surface area even a small 
change in this fraction is liable to cause an appreciable variation in the sum- 
mation figure. In patada sJievra there is the highest proportion of the last 
fraction among the treatments and in sunn there is the lowest proportion of 
this fraction accompanied by the highest proportion of the first fraction. 

The condition of tilth in January 1937 after the soil in these treatments 
has been left to the weathering action of the atmosphere, as well as that due 
to green manuring in those treatments (figures against " b\in the table) shows 
some interesting changes. Taking the summation figures, cotton and jowctr 
show some improvement, fallow shows a slight decrease, there being no appre- 
ciable change in the other treatments. Eegarding changes in individual frac- 
tions there is a general trend of comminution of the fourth fraction (indicated 
by decreases in this fraction) giving rise to an increase in the last fraction. 
This is, however, offset by an opposite tendency of the smaller particles to 
coalesce and form larger particles as shown by decrease of these particles 
(third and fourth) and an increase of larger particles (second). This move- 
ment in some cases extends up to the first fraction (1| in.). The increase or 
decrease of the summation figure is determined by the extent of this counter- 
balancing. 

The single-value figures for tilth, determined after the harvest of cane 
(figures against ‘c’ in the table) show, as has been pointed out, a considerably 
smaller variation among the treatments than that prevailing before planting. 
The tilth in patada shevra and groundnut has shown decrease (also cotton to a 
slight extent) whereas fallow and sunn show some improvement. The changes 
in the fractions during the cane cropping are chiefly characterized by a very 
interesting trend, viz. that with the exception of fallow and vsunn, the three 
central fractions tend to be built up by movements from both directions, by 
comminution of the largest fraction as well as the coalescence of the smallest. 
And as before, the summation figure depends on the extent of these two move- 
ments. In fallow and sunn the movement has been largely in one direction, 
that of comminution of the larger particles into the smaller, which has resulted 
in an increase of the summation figure. On the whole, the changes in the 
structure that are apparent under one cane crop are very encouraging in that 
they not only do not indicate any deterioration of tilth but, on the contrary, 
actually show a building up certain group of particles. Possibly this is due 
to the effect of the root system of the cane crop which, while it helps to break 
up larger clods by its extensive ramifications, also at the same time helps the 
formation of granules along its finer roots. 
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This paper deals with investigations regarding the effects of certain 
common kharif rotational crops and green-mannre treatments on the soil 
and on a succeeding cane crop. The kharif treatments were : (1) cotton, 
(2) groniidnnt, (3) fodder Jowr, (4) sumi-hemp, (5) patada shevra (a selected 
legnmiiions weed*^ and (6) fallow. The experiment was laid out on the rando- 
mized block method with four replicates on a typical black cotton soil at the 
Padegaon farm, and the main conclusions reached during this investigation 
are as follows : — , 

From a detailed soil examination done after disposal of the crops, soil 
tilth as measured by Keen’s method of sieves showed the descending order 
of treatments, patada shevra, '> pwar> cotton > groundnut > fallow^ !> sunn. 
Among properties examined which were likely to be related to tilth, the dis- 
persion coefficient of soil showed a fair agreement, having an inverse relation- 
ship with tilth. Moisture showed good parallelism to the dispersion coefficient 
within a certain limit. The nitrate and bacterial number, however, did not 
show any relation with the tilth condition and were generally much higher 
in the green-manuring treatments (including fallow where weeds were buried 
in). Oxygen-giving power did not give consistent values. Among fertility 
factors nitrogen status was found to have been appreciably raised by patada 
shevra and sunn and to a small extent by cotton and fallow. No definite 
trend was noticeable in the humus contents, but the green-manuring treat- 
ments showed a tendency to lower the C/N ratios of the soil. 

With regard to the effect of the rotational crops on the succeeding cane, 
it was found that the treatments with the better initial tilth induced a quicker 
germination although at the end the germination equalized under all treat- 
ments. The effects of tilth were also reflected to a certain extent in the weights 
of shoots and roots of cane up to a period of about 10 weeks after planting. 
After this period other factors slowly dominated, and the green manure treat- 
ments ultimately established themselves superior to others. 

Soil examination, done at the same periods when the gro-wth observations 
were taken, showed that the dispersion coefficient w^as almost equal for aU 
treatments from the period of 14 wrecks after planting, indicating the attain- 
ment of an equal value for soil structure in all treatments. 

The final yields of cane were definitely associated with better fertility, 
being in the order of patada 5/ie?;m>sunn>fallow^>cotton>Joww>ground- 
nut. Statistical analysis show-ed high significance for treatments and that 
patada shevra was significantly superior over all the treatments except sunn 
and fallow (nearly so over the latter). The yield after cotton was very promis- 
ing as it was highest among the rotational crops and only patada shevra -was 
significantly superior to it. Jowar and groundnut proved to be much inferior 
to cotton under these conditions. 

Finally, quantitative studies on soil tilth indicate that cane growing 
actually improves the field soil structure by building up certain desirable 
groups of soil aggregates. It is suggested that the beneficial effect of cane 
growing on the soil tilth may be due to tho extensive root system of sugar- 
eaner 
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ISTTKODtrCTION 

In the Deccan canal tract, sugarcane is an irrigated crop and is manured 
I heavily with nitrogenous top-dressings consisting mainly of sulphate of 
ammonia and safflower, groundnut or castor-cakes. The soils, being deficient 
in nitrogen, the crop invariably responds to these manures quite perceptibly 
and consequently the cultivation of sugarcane involves a large expenditure 
on these nitrogenous manures alone. In any investigation in the mineral nutri- 
tion of sugarcane, therefore, nitrogen stands pre-eminent requiring the first 
attention and we have accordingly concentrated our researches on this element 
the results of which will be described in a separate paper. 

In any systematic studies on the optimum absorption of individual ele- 
ment by the plant, it would be necessary to have for comparison a plant of the 
same species under conditions of balanced nutrition. While the experimental 
evidence from the various workers in this field is rather conflicting, making it 
impossible to put forth any definite generalizations, it is apparent that tlmre 
exists for each plant species a physiologically balanced nutrient solution from 
whicii rurmal absorption occurs, resulting in the greatest growth and yield. 
A lioparture from this balance, either through deficiency or excess of any one 
element will produce a disturbance in the absorption of different elements which 
may exert profound effects on metabolism. The researches in the nutrition 
of any one element by the plant would thus require the initial determination 
of the availability of other elements in the soil in order to prevent any un- 
balanced nutrient supply to the plant and as the main aim of our investigation 
was to determine the nitrogen nutriment of sugarcane, it was considered 
quite essential to initially test the soil under experimentation for the availab- 
lity of the other two important manurial constituents, viz. phosphate and 
potash. 

* This scheme is partly subsidized by the Imperial Council of Agricultural Research 
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The soils of the Deccan canal tract belong to the broad groiJP „„ 

black cotton soil, which is further recently classified into distiP®^ 
according to the genetic system of soil classification by Basu and 
Two of these soil types, viz. Band F are existent on the farm, tli® ,, 

being under the former type. The type F is very shallow, the average ciep n 
being about 15 in., while the other type possesses a depth varyii^S fiom 
to 12 ft. For the individual characteristics of these types, the 
referred to above may be consulted. The chemical analysis of these soil types 
for both the total and available phosphate and potash could not, boweyei, oe 
properly interpreted as regards the deficiency or otherwise of th®®® 
owing to the absence of any further information about their lipii^^^f .. 
for sugarcane in these types as is now collected , for instance, for tb® ^ 
soils. ^ In order to get immediately a definite idea about the st*^® ® ,• 
constituents in the soil under experimentation, it was, therefor^j consi 
advisable to study the effect of the application of potassic and phospnaric 
fertilizers on the cane growth directly in the field. 



Outline of the scheme of vtoek 

At the outset, a small-scale experiment with duplicate plots only 
out during the season of 1933-34 with both the potassic and phospli^*^®.*®^ 
zers in the soil type B which was selected for the detailed studies in *^® 
nutrition of sugarcane. . A top-dressing of 150 lb. N in equal pr0porti®“® _oi 
sulphate of ammonia and safflower-cake as recommended in the staJi*^^*^ 
method [Bombay Dept, of Agric., Leaflet No. 17 of 1929] was coJi]«^®“ 
the three treatments. One of these treatments received in addi*^®^/^^ f 
P2O5 in the form of superphosphate and the other 100 lb. K,0 in *®^”^ i 
sulpha,te of potash as basal manuring, the third treatment being *^® ^®^^® 
receiving no basal manuring. The results are given in Table I. 

Table I 

Comparative studies in the effect of phosphatic and potassic 
(Variety Pundia ; Date of planting 17 January I9S3 ; Date of harvest 11 


Treatment 

Germination 
at eight 
weeks 
(per cent) 

Knmber of 
canes 
per acre 

CaloiiIateO 
yield 
per acre 
in tons 

Weight 

per 

cane 

Brix 0 ^ 

26 

Septenal^^^ 

1933 

Brix on 

11 

Jannary 

1934 

Control— 150 lb. K alone 

1 

57-0 

28133 

84'8 

2-77 

11*9 

16*0 

ISOlb.K + lOOlb.PgOg 

63*9 

33678 

43 * 7 , 

2-85 

12«2 

16*0 

150 Ib. -f 100 Ib. KgO . 

62-3 

29040 

36*3 

2-80 

n»5 * 

,. 16 * 2 ' ■ 
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a tendeiicy towards' the early attainnieiit of maturity in this treal merit. On 
the other hand, there has been practically no Tariatioii from tlie control in tlie 
behaviour of the crop with potassic manuring which clearly suggests flic 
ciency of the potash in the soil. Any further investigation in the potassic 
manuring was, therefore, stopped, while the finding about the l)enefieial effect 
of the phosphatic manuring was critically tested in a large scale replicated 
experiment with the same sugarcane variety and under the same nitrogenous 
treatment by the agricultural section for two consecutive seasons of 1934415 
and 1935-36. During the first season, the phosphatic treatment gave 43 per 
cent higher tonnage showing a very high significance. The resiiits v ere not 
so very outstanding during the second season, mainly due to tlie iiidavourable 
climatic conditions during the grand period of growth. In spite of tliis, this 
treatment gave 15 per cent higher yields which just approached the 
statistical significance. Similar trial by the Soil Physicist in the soil type F 
with POJ 2878 and with a higher nitrogenous dose of 300 lb. N applied only in 
the form of sulphate of ammonia gave almost double the yield in the case of 
the phosphatic treatment. These statistical trials have thus confirmed the 
preliminary observation about the phosphatic deficiency in the soil under 
investigation and as a result, the application of a basal dose of 100 lb, P2O5 
was introduced in all our major field trials in the nitrogen nutrition of sugar- 
cane. 

As the necessity of phosphatic manuring was definitely established, the 
next course was to determine the suitable times of its application both from 
the standpoint of its action on the plant development and maturity , and also 
the period for which the effect of superphosphate once applied continued. 
Besides the developmental studies, this naturally required detailed investiga- 
tions in the uptake of nutrients by periodical sampling, and , therefore, a special 
experiment was laid out for the purpose during the season of 1937-38 and was 
also repeated in the next year. During the first season, the block selected for 
the experiment had received no phosphatic manuring any time previously, 
while the next year’s experiment was shifted to a similar block which had re- 
ceived the phosphatic application for the previous crop of sugarcane during 
the season of 1935-36, the underlying idea being to see whether the effect of 
the previous application of 100 lb. P2O5 form of superpliosphate con- 

tinued even in the fourth year of cropping. The rotation followed in these 
blocks was sunn, sugarcane and cotton, the first being ploughed in x4ugust 
for the next crop of sugarcane. POJ 2878 was selected as the sugarcane 
variety as it occupied the major area under the canal tract. 

The manurial treatments consisted of (1) a top-ckessing of 300 lb. N with 
and without an initial application of 100 lb. P2O5 in the form of double super- 
phosphate and (2) top-dressings of 450 and 600 lb. N vith and without 50 lb. 
P3O5 at earthing in addition to the initial dose of superphosphate at the rate 
of 100 lb. P2O5 common to all. The first series was intended to determine the 
effect of phosphate on the plant development and the second its influence on 
maturity which w^as found to be greatly delayed in the case of heavy nitrogenous 
manuring. These treatments were slightly modified during the next season 
by eliminating the one of 600 lb. N as this dosage was found to be far in excess 
of the crop requirement vithout any advantage in the prodiictiqn of cane and 
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instead, substituting the one of 100 lb. PgOg without any nitrogenous top- 
dressing. In order to prevent the high concentration of nitrogen in the soil 
solution with such heavy top-dressings, the proportion of sulphate of ammonia 
to cake was kept to 1 : 2 with four times of application during both the years 
instead of 1 : 1 with three times of application as recommended in the standard 
Manjri method. There were duplicate plots for each treatment, the plot size 
being 28 ft. X 38 ft. with seven rows 4 ft. apart. 

PbBSBNTATION OB THE DATA 

Developmental studies 

Germination. Planting was done by mid- January in both the years at 
the rate of 10,000 three-budded setts per acre. Before planting, double super- 
phosphate was added at the rate of 100 lb. PjOg per acre with one-tenth of the 
total dose of nitrogenous top-dressing in the form of sulphate of ammonia only 
to all the phosphatic treatments except the no-nitrogen one which did not re- 
ceive any nitrogen. The control treatment received only sulphate of ammonia. 
The results (Table II) clearly reveal that from the standpoint of germination, 
there is practically no advantage from the phosphatic manuring. On the other 
hand, there is an indication of the slight lowering in the rate of germination 
due to phosphatic manuring during both the seasons although the effect is not 
significant. In the case of the treatment P, however, there is a significant 
fall in the rate up to three weeks which clearly brings out the influence of nitro- 
gen. Later on the differences between the treatments are greatly narrowed 
down. The acceleration of the germinative activity with the application of 
sulphate of ammonia at planting has already been described by Rege and 
Wagle [1939]. Bxiring the season of 1938-39, counts were not taken at eight 
weeks as tillering had already started after six weeks. 

Table II 

Periodical data of germination 
(Per cent of the total buds planted) 


(Variety POJ 2878 ; Average of all rows per plot excluding the end rows) 


Treatment* 

1937-38 

1938-39 

Three 

weeks 

counts 

Six 

weeks 

counts 

Eight 

weeks 

counts 

Three 

weeks 

counts 

Six 

weeks 

counts 

(1> Isr—Control— ISr 300 lb. H only . . 

( 2 ) OT— 300 lb. n + 100 lb. • • 

(3) 3 P— No nitrogen + 100 lb. P 2 O 5 . . 

1 

36»9i2*25 

33*9dbl*75 

78*7±l-23 

74*4d:l*l 

78*7±1-17 

78-3dbl*49 

45*5±2*5.1 

42*1 ±0*76 

36-3±1*3 

83* 5i: 1*38 

82* 3i 1*49 

77*S±0*99 


♦As the effect of nitrogen will be discussed in a separate paper the data are not 
given for the other nitrogenous treatments 


Tillering. After the completion of the germination, periodical counts of 
the total number of plants per row were maintained for two randomly selected 
rows per plot till the operation of earthing. The results are given in Table III 
after reducing the figures to 1 ft. length for convenieiice, 
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These observations could not be coiitimied till harvest time owing to the 
periodical cutting of the plants for the uptake of nutrients, exudation., iiiatiiiitj 
tests, etc. In order to find out, therefore, the performance of the individual 
germinated bud throughout its life-cycle, 10 randomly selected mother plants 
per treatment were labelled for all the tillers formed from the beginning and 
their development was carefully noted monthly til! harvest time (Table IV). 

Table 111 

Plant population per foot and per cent borer attack 

(Average of two rows per plot) 


Bate of 

193 

r-38 


i 


1938-3 



300 K+Ko P 2 O 5 

SOOX+lOOPoOg 

XP 

' 300 K+Xo PgOg 

! 

300 X-t- 100 PgO. 
XP ® 

' XoX-f^lOOP^Og 

observation 

Per 

Plant cent 

popula- borer 
tion attack 

Plant 

popula- 

tion 

Per 

cent 

borer 

attack 

Plant 

popula- 

tion 

! Per 
cent 
borer 
attack 

Plant 

popula- 

tion 

Per 

cent 

borer 

attack 

Per 

Plant cent 

popula- borer 
tion attack 

18 March 

2*2 

2*3 

... 

5*7 

0*23 

5*2 

0*0 

1 4*4 1*04 

4 April 

4-2 2-3 

6*2 

1*3 

5*9 

0*89 

0*2 

1*6 

1 6*5 1*80 

19 April 

5*4 2-3 

7*2 

1-0 

7*4 

6*10 

7*2 

3*9 

7*4 5*20 

S May 

6‘4± 4*6 

8*4i 

1*9 

7 * 2 ± 

5*70 

7*8i 

5*7 

7*4i^ 9*10 


0*24 

1*54 


0*84 1 


1*30 


0*54, 

5 June 

5-7 5-0 

7*1 

3*5 ' 

5*1 j 

8*60 

5*3 1 

10*8 ■ 

5*1 ■ 8*10 

21 June 

4*9 ... I 

I 

6*5 


' I 

10*80 { 

3*3. 1 

12*5 

3*2 8*10 


Table IV 

Plant population in 10 random stooU 


Bate of observation 

1937-38 

1938-39 

SOON 

NoPjOj 

N 

300 X 
*4* 

100 P «05 

NP® “ 

300 X 

XoPgOg 

X 

300 X 

4- 

100 PaOg 

N? 

NON 

IOOPS.O 5 

18 March (mother canes) . . 

10 

10 

10 

10 

10 

16 April . . . . . . . 

30*0i2*05 

42*0±2*5 

28*0±5*4 

28*0±4*15 

41*0±3*8 

16 May . . . . . . 

33*0 

34*0 

26* 0 

27*0 

32*0 

18 June . . . . . . . 

27*7±2*7 

31*0dbl-0 

24*0±2*7 

19*0±3*3 

24*0±2*2 

16 July . . . .* . 

19*0 

26*0 

20*0 

17*0 

19*0 

15 August 

18*0 

26*0 

20*0 

17*0 

19-0^ 

16 September , . . . . . 

18*0 

26*0 

19*0 

17*0 

19*0 

17 October . . . . 

18*0 

26*0 

19*0 

17*0 

,„17*0 

15 November , . ' . 

16*0 

26*0 

19*0 

17*0 

15*0'" 

15 December . 

1 6 * 0 d: 2*6 

26*0±2*05 

19*0±2*6 

17*0±2*46 

14*0'i2*4 

15 January , . . . 

17*0 

26*0 

19*0 

17*0 


Par cent euccesaful plants ' . ' . 

48*8 

61*7 

54*3 

60*7" " 

34*1, 
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The comparison of the figures of the plant population for the season of 
1937-38 reveals a higher tillering activity in the phosphatic-treated plots. 
There is also an early start in tillering which eventually leads to the higher 
success at harvest time (Table IV) as the early -formed tillers are generally found 
to escape the borer attack to a much greater extent. Similar results of in- 
creased tillering by phosphatic manuring have also been obtained by Brenchley 
[1929] in her water -culture experiments with barley. This effect is not, how- 
ever, evident during the next season of 1938-39. Only in the case of treatment 
P there is some indication of increased tillering when the individual stools are 
considered (Table IV). Owing to the deficiency of nitrogen, however, a great 
majority of the tillers so formed suffered death greatly lowering the percentage 
success in the end. 

Borer, The ravages of the stem borer were determined in the same rows 
selected for tillering counts by cutting the borer-affected plants at the time of 
tillering counts and counting their number. The data are given in Table III 
as percentage of the total population along with that of plant population. 
The less, intensity of borer attack as a result of phosphatic manuring is quite 
apparent, the more so during the season of 1937-38 than in 1938-39. The 
reason for this variation is explicit in the previous treatments of the block 
already referred to. Further comparative studies of the figures for the two 
years indicate that on the whole its ravages are more severe during 1938-39 
than in the previous one. This would be an important contributory factor in 
the lowering of the number of canes and tonnage per acre which are observed 
during the latter year (Table VI). 

Growth* This has been periodically measured by twn methods. In the 
first case complete botanical observations such as total height, height of mill- 
able cane, number of mature and immature internodes and circumference were 
taken monthly beginning fron\ the third month after planting on all the plants 
in the 10 stools labelled for tillering. The methods are the same as already 
described by Rege and Wagle [1939]. These data are averaged per plant and 
are given in Table V. In the second method, the crop was harvested periodi- 
cally at definite stages in growth and fresh weights of stems and green leaves 
were determined separately. For this purpose, two end rows and 4 ft. on 
either side of the intermediate rows w^ere excluded from sampling in order to 
avoid the border effect. The remaining lengths of the rows were then divided 
into 3 ft. strips from which only alternate strips were earmarked for sampling 
by random selection. By this method there was no possibility of any of the 
selected strips abutting, on the previously sampled ones. As sampling error 
was found to be very high during early stages, eight strips were utilized for 
sampling at these periods, the number being reduced to six later on. These 
data are given in Table VI. 

It would be evident from the inspection of both these tables that during 
the season of 1937-38 when phosphate was applied for the first time, its benefi- 
cial effect was not restricted to the tillering phase alone but was even visible 
during the greater part of the growth phase. For instance, both in the case 
of total height and the height of millable cane, the advantage of the basal dose 
of phosphate (Table V, series I) was quite pronounced till mid-August and it 
was only after this period that the treatment of nitrogen alone had shown an 



Periodical weight per 

i-ge of random eight 3-feet strips till Jmre and six later 
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accelerartion of growth eventually attaining the same level of height as in the 
other one. The low ratio of millable to non-millable portion of cane in the 
.phosphatic treatment is, in fact, suggestive of the slowing down of growth at 
later stage in this treatment. This is further confirmed by the periodical 
weights of millable canes as well as the ratio of these to green leaves (Table ¥1, 
series I). It would be seen that the weight per cane in the treatment of N has 
been throughout low till October and it is only due to later growth in this treat- 
ment that it has equalled the other one at harvest time. The weight of the 
functioning leaves is also higher at this period. As woiild be shown later, more 
than 50 per cent of the total uptake of nutrients is taken up during the rapid- 
growing period after earthing and it seems that as a result of less number of 
caries in this treatment, the competition between plants for the available 
nutrients is much less than in the other case. The higher rate of increase in 
growth per plant after earthing up in this treatment would be thus quite ex- 
plicable. This acceleration of growth has not been, however, sufficient to 
make up for the reduction in the number of canes per acre and as a result 
there has been a distinct fall in tonnage in this treatment. 

On the other hand, during the season of 1938-39, ks in the case of tillering 
so also in the case of growth, the nitrogenous treatment has not shown any 
distinct beneficial effect of the basal dose of phosphate. The figures for heights 
(Table V, series I) as also of Aveights (Table VI, series I) are practically similar 
in both the treatments. The increase in the number of canes as Avell as ton- 
nage per acre at harvest time are not also significant. These data, therefore, 
indicate an initial sufficiency of phosphate in the soil, the reason for w^hich is 
already explained. In the case of the third treatment (No nitrogen + 100 lb. 
PgOg) unlike tillering, growdh has suffered even from the beginning, clearly 
bringing out the importance of nitrogen for this phase in the life-cycle of the 
plant. There is not only a fall in height ; but both the number of mature in- 
ternodes as well as circumference have also suffered. Otherwise in all other 
treatments, the data for these two items among botanical observations are 
practically similar even during the season of 1937-38 and as such these figures 
are omitted from Table V in order to keep its size within limited dimensions. 

As regards series II, although it is primarily meant for finding out the effect 
of an additional dose of 50 lb. P2O5 applied at earthing on the maturity phase, 
its influence on growdh as compared to the basal dose of 100 lb. PgOg alone has 
also been studied by periodical botanical observations and green weight as in 
series I. The data, however, do not show any variation of sufficient magnitude 
between the figures for both heights of millable canes and plant w^eiglits owing 
to this additional dose and it seems, therefore, that this additional dose has not 
been of any advantage to the plant growth. It does not seem to be also far 
in excess of the amount required by the plant so as to produce a depressing effect 
on yield as observed by Russell [1923] and Wallace [1926] in other crops. In 
Table VI only the figures of plants’ weights are given under series II while the 
figures of heights of millable canes are omitted in this case. 

Leaf area. During periodical harvesting of plants for the determination 
of weights and mineral uptake, eight randomly selected green leaves per stif p, 
i.e. 64 leaves during early stages and 48 later were taken per treatment for the 
measurement of their length and breadth. 
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The average product of these per leaf was taken for calculating the total 
leaf area per plant and on the strength of these data percentage variation in 
the different treatments from the control (N) was calculated; These results 
are given in Table VII. 

Table VII 

Per cent variation in the leaf area from that of the control (N) 


(Based upon 64 randomly selected green leaves till mid -June and 48 later on) 


Periods 

1937-38 

1 1938-39 

i 

300 lb. N - 1 - 
100 lb. P 2 O 5 

300 lb. N 4 - 

100 lb. P 2 O 5 

No N 4- 
100 lb. F 2 O 5 

Mid-May 

+ 17-5 

+ 35*4 

^ +53*7 

Mid- June ..... 

+ 32-4 

-f 6*5 

--29 *2 

Mid-October . . i . . 

! 

4.4.4 , 

—2*5 , 

---43 *5 


The above figures clearly indicate the beneficial effect of phosphate at 
early stages during both the seasons. During the season of 1937-38, the effect 
continued practically throughout the life-cycle of the plant, while in the latter 
season it was only short-lived. The reason for this is already explained. The 
importance of nitrogen at later stages is clear from the data of the treatment 
P which received no nitrogen. 

■ Photosynthesis. The rate of photosynthesis was determined on the top- 
most fully developed leaf of the crown directly in the field on the standing 
plant by the Ganong’s punch method [1908]. This leaf was selected as it 
showed the highest rate of photosynthesis among all the green leaves. It is, 
no doubt, realized that this method does not represent the total weight of the 
product formed by photosynthesis during this period. Translocation of 
products from the leaf must be going on during this period, so also a certain 
amount ofjihe product must be utilized in respiration which is proceeding simul- 
taneously with photosynthesis. It may, therefore, be said to give the apparent 
rate of photosynthesis, None of the methods, however, devised for the measure- 
ment of photosynthesis can be considered to be quite satisfactory and this was 
specially selected as it enables one to work it conveniently under natural en- 
vii'onmental conditions on the standing plant of such a height. 

The results are given in Table VIII for the firvst series only. The superio- 
rity of phosphate during the season of 1937-38 is quite evident. Unfortuna- 
tely these estimations were not continued during this season after mid-August 
and, therefore, the further effect of phosphate on this aspect of the plant be- 
haviour remains unravelled. This can be, however, deduced from the growth 
phase of the crop discussed previously and if increase in weight can 
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be taken as the resultant effect of the photosynthetic activity of the plant, 
these figures for the rate of assimilation in these treatments would show a re- 
verse order in later determinations. 

The results for the season of 1938-39 for the above-discussed two treat- 
ments are practically similar. It is only in the case of the third treatment 
(No nitrogen + 100 lb. PgOg) in which a high rate of carbon assimilation is 
observed at both mid -May and mid -August with a fall later. Gregory and 
Baptiste [1936] have also reported high sugar content in leaves in their experi- 
ments with barley not receiving any nitrogenous manuring. They have ex- 
plained this as due to high assimilation, low respiration, low protein synthesis 
and low meristematic activity. In the present case the tiller numbers are even 
slightly higher in this treatment (Table IV) and from this standpoint the meriste- 
matic activity cannot be said to be lower. No doubt in the case of increase 
in height per plant, there does seem to be slight decrease in this activity of the 
plant which would lead to decreased translocation ; but on tlie whole, this 
would not account for such a large figure of per cent increase as obtained in 
this treatment for mid-May. The question of differential protein synthesis 
should also not arise as in this method the rate of a.ssimiIation would, in fact, 
reflect increase in total organic matter. Respiration is not determined and it 
would be, therefore, a moot point as to how far its decreased rate would be 
responsible for this high figure. For the pre.sent we shall have to be satisfied 
with attributing this high figure to two factors, viz. (1) high assimilation and 
(2) low respiration. 

In the case of the second series, the figures for both the leaf area as well 
as carbon assunilation are fluctuating with no clear differentiation between 
the treatments and, therefore, owing to exigencies of space, the data are omitted 
from presentation. 


Table . Vni 
Bate of ■photosynthesis 

(Per cent increase in weight at 3 p.m. over samples taken at 8 a.m. by Gano’s punch 

method) 


(Average of 10 randomly selected plants) 


Treaiiiiejit 

Per cent inci^ease in weight 

Mid-May 

Mid -August 

Mid- October 

- :■ 

■■■ :■ ■■■ . 

1937-38 




SOON+No PA • • 

11 ‘9 

7*1 

• . 

30OK-flOOPA • • • 

16 *7 

13*7 

•• 

1938-39 


j ■ ■ 


300 ■F+Ko'P'A 

5*71 

6*3 

11 *3 

aoois^+iooPA • 

5-10 

-.8*5 

9*0 


26*90 

9*4 

2 *2 
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Boot system. The effect of phosphate on the development of roots has 
been studied in another experiment in an adjoining block with different forms 
of phosphatic manuring as superphosphate, bone meal and Nicifos, a nitro- 
genous top-dressing of 300 lb. N being common to all. These data have been 
akeady discussed in detail in a previous paper by Rege and Wagle [ 1941 ]. 
In general, it may be stated that except in the case of Nicifos, there is a favour- 
able effect of phosphatic manuring on the root development. This is quite 
striking in the treatments of superphosphate and bone meal in which their 
quantities ai*e applied in two equal doses of 50 lb. P2O5 — one at planting and 
the other at earthing — ^while all the phosphate applied in one dose of 100 
Ib. PqOq at planting in the form of superphosphate alone has not been so very 
effective. Nicifos has completely failed to produce a favourable effect on the 
root system. 

Flowering. The data for flowering were collected at harvest time during 
the cutting of the strips for growth studies. This is given in Table IX. 


Table IX 

Flowering data at harvest time 


Treatment 

1937-3,, 

_ , _ 

1938-39 

• Total 
number of 
flowered 
plants 

Total 
number of 
non-flowered 
plants 

Per cent 
of flowered 

Total 
number of 
flowered 
plants 

Total 

Xupiber of 
non-flowered 
Ijlants 

Per cent 
of flowered 

Section I 







300 X + Xo PaOs . 

44 

10 

81 -5 

38 

4 

90*5 

00 X + 100 PtOs 

42 

3 

93-3 

43 

4 

91-5 

Xo X 4- 100 P*Os . 




33 

1 

„ 97*1 

Section IX 







450 X 4- 100 PsOs . 

48 

13 

78-7 

29' 

19 

: 60 ’4 

450 X 4* 150 PjOs . 

25 

34 

42*4 

1 28 

20 

i 58*3 

600 X 4- 100 PaOfi . 

25 

36 

41-0 




600 X 4- 150 PgOs . 

23 

48 

32 '4 





It woixld be seen that during the season of 1937-38 the basal dose of phos- 
phate has in the case of 300 lb. N led to the increase in flowering. This is 
quite in consonance with the growth behaviour in this treatment. On the 
other hand, the application of an additional dose of 50 lb. P2O5 at earthing 
besides the basal dose of 100 lb. P2O5 has led to the reduction in flowering in 
higher nitrogenous top-dressings as 450 and 600 lb. N. On the face of them 
these results seem to be quite contradictory. That they are not so will be 
shown when the mineral uptake will be discussed later. During the season of 
1938-39, no such differences in flowering have been observed between the 
treatments in both the series. 

Maturity. This is determined by the periodical brix and purity of the 
Juice and all the results are given in Table X. The figures of brix are 
also graphically represented in Fig. 1. It would be seen that during the 
season of 1937-38, the figures for brix are higher in the phosphatic treatment 
from the start (mid-September) in series I. It is only at the end of February 
that the treatment of nitrogen alone has come equal to it, when both the 
treatments have shown the maximum brix attained during this season. The 
maximum purity is reached a fortnight later in both the treatments. 
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Fig. 1. Periodical brix data at 


There is further an indication of slower deterioration in the keeping quality 
of cane after the attainment of maximum brix in the case of phosphatic treat- 
ment than in the other one. During the season of 1938-39, the periodical 
data do not show such distinct delaying of the maturity in the ease of nitrogen 
alone as was observed during the previous year. There is some slight bene- 
ficial effect of the phosphatic treatment which will not be, however, of economic 
value. Only the third treatment has shown the earliest maturity w'hich can 
be ascribed to the deficiency of nitrogen. Other workers as Deer [1921], 
Cross [1925] and Sanyal [1928] have found the beneficial effect of phosphate 
from the standpoint of eaiiy maturity. It seems, however, that once there is 
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450 isr + 100 PgOs . .• 10-7 13-4 58*0 18-0 81*1 21*3 I 91*7 22-2 86-8 22*3 j 92-9 21*3 90-0 20 - 

450 N + 150 PaOC. . 10*5 13-4 65-5 17-3 77-4 22 - 2 ! 92-0 22-2 86-3 22-5 91-2 21-2 89-9 21 - 


SDGAB,CAK:E PHy^SIOLOC^Y 1K the BECUAN CA'KAL tract, I¥, . 1.01 


a sufficiency, of phosphate in the soil, an application of a basal dose of phos- 
phate is not in any .wa^^ effective in hastening the maturity further. 

In the case of series II, the additional dose of oO Ib.*^ PaOhat earthing 
has shown some higher brix and purity during the early readings specially 
during tli€^ first year. The figures are not, however, of outstanding merit to 
be of economic value. 

Mineral. .nutrition 

The material from periodic harvestings of the different treatments was 
used for this investigation. In order to avoid any inconsistency in the analyti- 
cal data .owing to the translocation of the different constituents, the time of 
sampling was kept the same throughout. Immediately after weigliment. 
average bulk samples of finely cut leaves and stems were kept for drying in 
a chamber at a temperature of about 60^C. After drying, these were finely 
powxlered and stored for analysis. Care was taken to remove leaves from 
the plants as they dried and these were also taken for analysis separately in 
order to get a complete idea of the total removal of the mineral nutrients by 
the plant. The roots were not included in these studies, as the soil being a 
very heavy clay, the collection of roots free from clay particles was found to 
be impossible. 

Besides the ultimate anabasis of the material, sap from fresh samples of 
green leaves was analysed for different nitrogenous fractions. For these deter- 
minations, 100 gm. of average samples of leaves were immediately cut into 
small pieces. These ivere then crushed in a mortar after mixing with w^ell- 
washed sand to break the cells and then pressed through a laboratory press 
at a definite pressure. The determinations of ammonia and nitrate were done 
immediately on the fresh sample wdiile in the case of other fractions, the fresh 
material was autoclaved in order to kill the enzymatic activity and then taken 
for extraction of the juice as time permitted. 

Standard A. 0. A. C. methods of analysis were employed for the deter- 
mination of nitrogen, phosphates, potash and calcium in dried material. 
In the case of leaf sap, ammonia was determined by steam distillation with 
magnesium oxide and the residual solution was utilized for the determination 
of nitrate by reduction with Devarda’s alloy to ammonia. For the deter- 
mination of crystalloid and total nitrogen, the method recommended by 
Richards and Templeman [1936] was followed. The material was thoroughly 
ground in a mortar with phenol water and filtered through paper pulp. In 
half the aliquot total nitrogen w’as estimated after previous reduction of 
nitrate with reduced iron. In the case of the other aliquot protein w^as 
removed with 50 per cent trichloracetic acid after filtering through 
chamberland filter. In the filtrate, total cr3^stalIoid nitrogen was cietermined 
also after previous reduction of nitrate with reduced iron. 

'.W'ole/r content of the leaf, -Instead of giving the actual figures of the w^ater 
content of the leaf, these are represented in relation to the leaf area and dry 
w^eight of the leaves on the lines of Gregory and Richards [1929] in Table XI. 
Owing to heavy lodging of the crop as a result of late rains during the season 
of 1938-39, no reliable data could be collected about this at the time of harvest 
and, therefore, figures for this period ax'e not given. It will be seen that both 
from the basis of unit leaf area as w-ell as the dry weight, the water content of 
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tlie leaves in tlie NP treatment appears to be higher at the early stage of 
development (mid-May sample) during both the years. From the standpoint 
of the climate, this is the period when the plant is subjected to great stress 
owing to high temperatures and low humidity and when, as a result of these 
eiiviroiiniental conditions, the water requirement of the plant is found to be 
the highest. At this period practically all the varieties show incipient wilting 
while some of the varieties as Pundia and Co 419 even show the phenomenon 
of tip drying. The influence of phosphates in retaining the higher water 
content at this period both on the basis of leaf area and dry weight should 
therefore prove advantageous in the growth phase and this is, in fact, con- 
firmed by the figures of increase in height as discussed previously. 
These data at later stages of growth do not show any consistent trend in both 
the years although there are indications of the fall in the water content in the 
phospliatic treatment during the season of 1937-38. 

The ratios of dry weight to leaf area are also interesting in both these 
treatments as they clearly show that although the leaf area increases as a 
result of a basal dose of phosphate, there is not a proportionate increase in the 
dry weight. In other words the leaves get broader but thinner with the appli- 
cation of phosphate. Although chlorophyll was not determined in these treat- 
ments during these two seasons, its determination done during later years in 
similar treatments has shown it to be less throughout the growth phase in the 
phosphatic one than in the treatment receiving nitrogen alone. The higher 
rate of photosynthesis as a result of phosphatic application (Table VIII), 
however, suggests that both the lower dry weight as well as the lower chloro- 
phyll content in the leaves do not in any way act as deleterious factors in this 
activity of the plant. 

In the third treatment (P) the water content calculated on the basis of 
leaf area does not show the same trend as when calculated on the basis of dx*y 
weight. The latter practically agrees with the similar ratios for other treat- 
ments, while the former is much lower. These results indicate that for com- 
parative studies the water content calculated on the basis of dry weight will be 
better than the other one. On the other hand, Gregory and Richards [1929] 
have shown the ratio of water content to leaf area to be better as it has given 
more consistent results in their experiments. Further work with a large 
number of treatments will be, therefore, necessary to elucidate this point. 

Uptake of mineral nutrients. The data for N, P, K and Ca obtained on 
individual analysis of green leaves, dry leaves and stems were calculated and 
studied in more ways than one, e.g. per 100 gm. of each part of the plant, 
per 100 gm. of the whole plant, on whole plant basis as well as on acre basis. 
These results are illustrated graphically in Figs. 2, 3 and 4 for both the seasons. 

It would be seen that the percentage figures for the parts of the plant as well 
as the whole plant show a definite fall with the progress of growth, the largest 
fall being during the grand period of growth. Among the different organs the 
fall is generally more in the case of stems than in green leaves. This would be 
quite explicable on the basis of the relative increase in weight in these organs 
during this period. The curves for dry leaves clearly indicate that as the 
leaves dry, there is a translocation of nitrogen, phosphate and potash from 
these leaves to other parts, the highest translocation being in the case of 
phosphates. This rapid redistribution of phosphate seems to be the reason 
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WatBr content of the leaf 
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of tlie smallest amount of phosphate required by the plant. In the case of 
calcium no translocation during the process of drying is visible and this would 
explain the necessity of its continued uptake per plant till harvest time. 


Uptake per 100 gm. 
(Oven*dry basis) 


Total uptake 
per plant 


ill® 
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Fig. 2. Variety POJ 2878, 1937-38 
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Uptake per 100 gm. 
(Oven-dry basis) 

H m V 


Total uptakes 
per plant; 



G^SBN' ' I^VSS ■ JJZy ZEAVES — v. - v»-. 

tTVMS TOTMh JPJLANT ^ NP — « — , 


GRBEN' ' IJBMVMS ^ DU^ ZEAVES — v. - v»-. 

tTVMS TOTMh JPJLANT ^ >c.^ >»-. NP — •— « — , 

p, 


Fia. 3. Variety POJ 2878, 1038-39 

For the proper evaluation of the effect of different treatments, the curves 
for the total uptake per plant and also per acre would be the best guide. In 
this case the percentage figures will be, in fact, misleading as the total uptake 
is circumscribed by the actual weight or the number of canes. Although the 
plant may show poor growth, the percentage figures may be either equal or in 
some cases even higher than in the case of vigorous plant. This is very well 
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illustrated in the case of treatment P in which although the figures for per- 
centage constituents are practically similar to those of other treatments the 
periodical uptake per plant and specially per acre has been less. One ihter- 
esting feature of these curves is the continuation of uptake of all the consti- 
tuents after October, when in the case of the other treatments, the curves 
show a definite fall. This is inexplicable on the basis of the present knowledge 
and requires further investigation. 

As regards the other treatments, NP shows an acceleration of uptake of 
all the constituents during theea rly stages. In the case of phosphate, this, 
however, continued throughout the life-cycle of the crop during the first season 
only, but was not visible during the following one. The high figures for potash 
in this treatment during both the seasons reveal that phosphate exerts a 
great influence on the uptake of potash. Russell [1937] has also stated that 
in the leaves of crops of vines and tomatoes, the percentage of K 2 O in the dry 
matter rises when phosphate is supplied. The comparison of all the curves 
for the two seasons given in Figs. 1 and 2 show^s the higher uptake during the 
second season whether considered on percentage basis or per plant. As, 
however, the differences in the plant population per acre between the two 
years are rather wide, it w^ould not be possible to definitely ascribe the increased 
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Fig, 4. Periodical and total uptake of NT, P, K & Ca per acre 

weight per plant as well as the increased uptake during the second season 
either to the climatic variation or to the residual effect on superphosphate 
applied to the previous crop of sugarcane. 

. Fig. 4 represents the total as well as periodical uptake per acre. All the 
pillars represent maximum uptake, i.e. till October in most cases. It would 
be seen that the maximum uptake per acre is of potash followed by that of 
nitrogen while in the case of phosphate it is the least. As regards the treat- 
ments, NP has shown higher uptake during the season of 1937-38 which is 
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chieHy due to the iiigher yield per acre in tliis treatment. This cH'ecf i.s not 
observed during the next season except in the case of potash. In tlie case 
of treatment P, the total uptake i.s much less than in the other treatment.';. 
As regards the periodical u])take, it is found to be negligilsle during tljc fir.^t 
four months till mid-May. It is only after this period that the rapid rJ)s<jrp- 
tion of all the constituents starts, more than 50 per cent of the total absorption 
being observed from July onwards till October after whicli there is a fall. 

In the case of series II, the ana lysis for mineral constituents were done 
from October onwards and the figures for the whole plant are given in Table 
XII. 

Table XII 

Mineral constituents per plant (gni.) 



October 

Harvest 

27 

PaOj 

KaO 

C-aO 

27 

P. 0 , 

K.O 

CaO 

1937-38 

3S^P— 450N + 100 PaO:, . 

2-82 

0*78 

5*24 

1*44 

2*12 

0*92 

4*96 

2*30 

KaP-~450 N + 150 PaOo . 

a -02 

0*77 

6*59 

1*65 

2*14 

1*11 

■ 4*25 

2*19 

NP--600 N + 100 PaOo . 

2-32 

0*66 

5*22 

! ; 

1*41 

3*12 

0*82 

5*14 

2*60 

27 + 150 PsOs 

3-33 

0-74 

0*00 

1*63 

3*00 

0*75 

5*54 

2*42 

1938-39 







1 


NP— 450 27 + 100 PaOs . ■ . 

3*70 

: 1*25 

1 

7*00 1 

1*88 

1*96 

0*73 

4*82 1 

2-92 

NaP— 450 27 -h 150 P 3 O 5 . 

4*06 

1 1*53 

1 

8*48 

1*91 

1 2-32 j 

0*85 1 

4*17 ! 

1 

- 3*35 


It would be seen that with the additional dose of 50 lb. P 2 O 5 at earthing, 
the maximum uptake of all the constituents except that of P^Os is increased 
during both the seasons. In the case of P 2 O 5 this increa-se is not so very- 
evident during the first season. This higher uptake of nitrogen appeared to 
be the cause of delay in flowering in this treatment in both the seasons, it being 
quite evident during the first season. There has been, how-ever, no advantage 
from the standpoint of weight per cane. The difierences in maturity are not 
also of outstanding merit. It seems, therefore, that wdiile this additional dose 
of 50 lb. P 2 O 5 is useful in accelerating the uptake of other mineral constituents 
specially of nitrogen and potash, this increased uptake of these nutrients has 
been of no advantage from the standpoint of crop growth mainly due to un- 
favourable climatic conditions which set in by this time. 

Mineral ratios. The calculation of mineral ratios as 'NIK^O, 

etc. for both green leaves do not show' any variation of magnitude between the 
two treatments of X and NP. These data are not, therefore, reported. 
Between the tw'O seasons, how'ever, the ratio is much narrower in the case 
of X/PaOg as a result of higher uptake of PgOg during the latter season— the 
maximum figure being 3 '7 in October during 1938-39 as against 5'0 for the 
former one. Xo differentiation in growth is, how'ever , observed between these 
seasons which could be attributed to the variation in these ratios. It, there- 
fore, seems that sugarcane can stand wide fluctuations in the mineral consti- 
tuents without any detrimental effect on the development of the plant. The 
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agrobiologic ratio of the three important elenieiits of NPK differs also consi- 
derably from the one of Mitscherlich specially in potash, the ratio being 3:1:9 
as against his 5:1:2. This inay be dxie to the high pota>sh content of the soil 
under investigation. 

Nitrogen fractionations in green leaves. During the season of 1937-38 
detailed analysis of nitrogen fractionations were carried out for the green 
leaves (Table XIII). As the ammoniacal nitrogen was determined by distilla- 
tion the figures for the same would contain some amide N as well and as a 
result the reporting of separate figures for these is not followed. The onl}^ 
outstanding feature is the least amount of protein nitrogen during September 
which seems to be due to the rapid uptake of inorganic mineral nutrients 
during this period. By October much of this has been converted into protein 
nitrogen, the percentage of protein nitrogen being higher in NP treatment than 
in nitrogen alone. In the case of series II these nitrogenous fractions wet e 
determined in October samples only. Owing to higher nitrogenous manuring, 
protein nitrogen is much lower in this series than in the first one. There has 
been, hoxvever, not much variation in these constituents due to the additional 
dose of P^Og at earthing. As the figures for other fractionations did not show' 
any variation betw-een the treatments, only protein and crystalloid nitrogen 
were determined during the second season. These data, however, do not show 
any differences of sufficient magnitude b.etw^een the treatments and as such 
they are not reported. 

Table XIII 


Nitrogen fractions in green leaves 
1937-38 



Series I 

1 Series II . 




300 lb. N 



450 lb. N 

1 600 lb. N 

Treatsments 











June 

September 

October 

October 

October 


N 

NP 

N 

NP 

N 

NP 

NP 

NaP 

NP 

NaP 

Ampioniaeal and amide 
nitrogen 

4-05 

3*78 

3*06 

3*99 

4*75 

5*73 

3*30 

4*80 

5*30 

6*80 

Nitrate nitrogen . 

1*62 

1*35 

2*60 

2*60 

0*88 

1*40 

1*04 

1*20 

0*99 

0*88 

Crystalloid nitrogen 

21*14 

19*97 

27*10 

25*60 

15*60 

6*20 

25*80 

32*24 

37*20 

32*20 

Protein nitrogen . . • 

16*24 

11*63 

1*60 

■ 

5*60 

23 •20 

22 *20' 

11*00 

7*46 

6*30 

7*50 

Protein nitrogen per , 
cent of total nitrogen 

43*40 

: 1 

36*80 

5*60 

17*90 

59*90 

78*40 

29*90 

^ 18*80 

14*50 

18*90 


GENEBAL. DISCITSSION AND CONCLUSIONS • 

The reaction of the different phases of plant life to the basal phosphatic 
manuring is found to vary according to the initial phosphatic status of the 
soil. During the first season, phosphatic manuring has definitely led to (1) 
rapid increase in tillering resulting in large number of canes per acre and (2) 
acceleration of growth at early stages wdth early senescence which brought 
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about early flowering and early maturity. It also maintained the water 
content of the leaf at a higher level at the early - stage of development vtiicti 
is of gieat practical significance, as from the standpoint of climate this is the 
period of highest -water Tec|uireineiit. Phosphate further made the leaves 
broader but thinner and pale green and the rate of photosynthesis was liiglier 
during the early stages. 

During t!ie following season no distinct favourable efiect of phosphatic 
manuring was evident, the treatments. N and KP showing practically similar 
behaviour during the various phases of plant life. This experimental work 
vais conducted in the block which had received application of sii];.er|.hosphate 
and oil-cahes to tlic previous crop of sugarcane in the three years’ rotation and 
the residua] effect of this phos|>hate seems to have continued even on the next 
crop of sugarcane. The analyses of the soil samples collected at the time 
of planting ha*ve shown that wliile the figures of available phosphate were 
practically similar during ])oth the seasons, being respectively 25*1 and 25*0 
nig. per iOO gm. of soil, there had been a definite rise in the level of total 
])liosphates during tiic second season, the figure being 53*7 mg. for the first 
season as against mg. for the following one. The response of the crop to 
the phos|)hatic maniuing during the first season and non-response to it in the 
following one thus re\xal the possible initial levels of soil phosphate at w*hich 
deficiency and sufficiency of phosphate are envisaged. 

Trials in outside centres by the provincial department of agriculture and 
sugar factory management liawe sho-wn that in soils newly brought under 
sugarcane cultivation there was a response to phosphatic nianiiring in many 
cases, w'hile in otliers on wiiich sugarcane cultivation wvas going on for a inur her 
of years, no response wuis observed. This appears to be mainly due to the 
aceuinulation of phospliates in the soil from oil-cakes which are used as nitro- 
genous top-dressings to these crops. Further in certain cases even a deleteri- 
ous effect of phosphatic manuring wuis revealed as could he judged either by 
yield or maturity of cane. The analyses of soil samples in these cases have 
show'll the figure of total pfiiosphate to be above 111 mg. per 100 gm. of soil. 
Russell [1937] has also reported reduction in crop yield as a result of ex^cess of 
phosphate. While it will be no eloubt presumptuous to draw any definite 
conclusions w ith such a small number of figures, they can form a useful basis 
for future investigations in the determination of the three levels of phosphates 
at w'hich phosphatic manuring will be (1) beneficial, (2) ineffective and (3) 
deleterious. 

Tn the case of av<iilable phosphate, the similarity of figures of both the 
seasons suggests a lack of relationship w^hich wnukl be quite intelligible w hen 
one would consider the ])eriodical rate of uptake of this constituent by the crop. 
It has ])een showm that about 70 per cent of the phosphatic requirement of 
sugarcane is absorbed during the stage of the grand period of growth which 
in the case of January -planted cane starts five months after planting. It 
w'ould be thus reasonable to imagine that owing to the maintenance of proper 
moisture for bacterial action as a result of short-period irrigation and evolu- 
tion of CO 2 by roots, there would be an increase in the availability of soil 
phosphate as compared to the figure given above for the samples collected at 
the time of planting. This has been, in fact, confirmed by the periodical 
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mnih i>( exudates (roni .niicl 4 Iay onwards in later experiments ^wiiicli defi,- 
iiitefy revealed ineimsjof,^ availalnlity of piiospliate ainl potash with ^ the pro- 
t-i’ess oft ime. Some w'orkers have found a correlation hct-weeii the available soil 
phosphate and lespoiise to phosphate iminiiiing. Iveir and Stieglitz [1938] 
liave, however, ‘^lioun that in order to seciiie this concordance ^it would be 
iieccNsary to consider the natnre and the arnoinit of available soil pLaiit food 
rcsia‘ve.s*r.s an important fonetioii of the stage in tlie crop secjiieiice at which 
I lie Noil is to he sampled, .In other wwds, this concordance can be definitely 
Mviired if the soil is santpled at the time of the nia.xiimon availability of phcs- 
phare. Hn’s would be rather a difficult point to determine. Besides, as sugar- 
cane i> ji, long^peiiod crop and as the real -uptake starts after about five'moiiths , 
of groHlIi, even total soji phosphates are expected to give as good a con- 
cordance ibr this crop as the available one. In order to judge, the relative 
\aduc ol' hnth a\ailable and total soil phosphates tor this purpose, it is, there- 
fore. felt necessary to detetaninc the levels of l>oth available and total soil 
phosphates for diflbrent sod types at which pliosphatic manuring will be eitlier 
good, inelfedive or deleterious. 

From tlie standpoint of the biocliemicai activities of the plant also, the 
initifil pliosphatic status of the soil is found to be important. During the first 
.season, phosplnitic inanuring has not only brought about an acceleration of 
the uptake of ail tlie constituents (N, P, Iv and Ca) during early stages, but 
the total uptake w'as maintained at a higher level throughout in the case of 
P and K and wxis only equalled ftvr the other constituents by the treatment 
of X ak)ne at harvest tinie. In the following season, however, there w^as no 
difference either in the rate of uptake or tlie total one in both the treatments 
of N and XP except in the case of potash w'liose uptake w^as definitely higher 
in the XP treatment ; but when one compares seasoms, the higher level of 
uptake^ of all these eonstituehts during the second season in both these treat- 
ments is clearly revealed. Owing to w’ide differences in plant population per 
acre during the latter seasons, it is rather difficult to attribute this higher 
uptake per plant to the higher level of soil phosphate. Some indication of the 
ach'antage of higher level of soil phosphate can be obtained from the mineral 
ratios which in the ease of X/P lias been greatly riarrow^ed during the latter 
year. It clearly prov^es the. greater availability of phosphate with its higher 
uptake during tlie latter year and although the nitrogen uptake is also high 
during this year as compared to- the previous one, it has not shown propor- 
tionate increase which has been the reason of the low ratio of X/P obtained 
<liiring this year. Iftxmi the standpoint of the life processes of the plant, 
however, no distinct advantage has been observed of this low^ ratio and it 
appears that sugarcane plant can stand without any detriment wide fluc- 
tuations in mineral ratios. 

In the case of heavy nitrogenous manuring, 450 lb. N and above, a second 
dose of 50 lb. P 2 O 5 which wii»s applied at the time of earthing with a view^ to 
secure early maturity of cane w'as found to be ineffective. On the other hand, 
studies in the mineral uptake have showm greater uptake of nitrogen in this 
treatment as against the other one wdiich did not receive this additional dose 
of P 2 O 5 . Xo advantage of this higher uptake has been observed, such as for 
instance, an increase in growdh or tonnage and this accumulation of nitrogen 
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can, tlierefore, be attributed to liiNiiry -00118111111111011. It af>| jeans that the 
plant absorbed this nitrogen at a' time when 'the climatic coiKlitions were 
becoming tiiifavonrable for growth .(October) and as a result the alisorbed 
nitrogen could not be utilized. Perhaps i.n'- -early plantings this higher 
absorption of nitrogen due to phosphatic manuring may be much earlier w'hen 
the climatic conditions would be suitable for growth and as such, may be useful 
for securing higher cane tonnages without at the same tin,ie producing detri- 
mental effect on sucrose formation and experimental work on this line is in 
progress.. 
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ON THE BIOLOGY AND CONTEOL OF CODLING MOTH 
{CYDIA POMONELLA LINN.) IN BALUCHISTAN 
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(Eeoeived for publication on 21 October 1941) 

(With one text-figure) 

'T^HE codling motb [Cydia pomonella (Linn.) : Pani. Eucosmidae : Lepidop- 
* tera], one of the worst pests of apples, pears and quinces, is firmly estab- 
lished in many orchards of Baluchistan. Due to the constant ravages of this 
insect, about 80 per cent of apples are infested yearly in Baluchistan, and a 
fairly large number of valuable apple orchards have been cut down in the 
Quetta valley during recent years. 

An account of the distribution, status and biology of the codhng moth in 
Baluchistan was published by Pruthi [1938], A popular account of various con- 
trol measures advocated against this pest w’as published by Roy [1941] and the 
preliminary results of insecticidal tests for codling moth control in Baluchis- 
tan have also been described by Mustafa and Janjua [1942]. In view of the 
seriousness of thepestin this area, detailed studies on the biology and control 
measures were made by the writers during 1936-40, and the results are present- 
ed in this paper. 

Distbibution 

The insect has been recorded from almost all the apple-growing countries 
of the world. It is a serious pest in Europe, the United States of America, 
Canada, North and South Africa, Australia, New' Zealand, Palestine and 
Afghanistan. In India the pest occurs only in Baluchistan and the North- 
West Frontier Province. There is, however, a doubtful lecord of its oecurrence 
frona Dras Ladakh (Kashmir) as well [Fletcher, 1919]. In Baluchistan, the 
pest is widely distributed in the Quetta-Pishin district and Fort Sandeman 
(Zhob district) ; it also occurs at Mastung and Kalat. 

Intboduction of the best into Baluchistan 

Janjua [1938] recorded the codling moth as a serious pest of apples in 
Afghanistan and the subsequent observations of Dr Taskhir Ahmad, a member 
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of tlie Indian Agricultural Delegation to Afgliamstan, has confirmed this^as- 
siimpticvo [AiuHtafa, Mxindkur & Ahmad, 1939]. Till the middle of the nine- 
teenth century, northern Baluchistan was an important proYince of Afghanis- 
tan. ^'ery little attention was then paid to fruit-growing. With the area 
coining under British control in 1879, encouragement was given to the fruit 
industry^ and numerous orchards wem established, importing most of the 
nursery stoclc from Kandhar, Afghanistan [Bulier, 1907]. As a result of this, 
the Kandhari apple is now a well-established variety in Baluchistan. Also, 
since 1890, when the railway was extended to Chaman, apples along with othei' 
fruits began to be imported on a large scale from Kandhar, and Baluchistan 
became the distributing centre for India. A still greater impetus was given 
to this trade by the introduction of ice vans. In view" of the nature of the life- 
bistory of the pest, the most common mode of its spread from one place to 
another is through the transport of infested fruit. For the past half century, 
apples from Kandhar have been coming in regularly and it is presumed that 
the infested fi'uit must have brought larvae with them and the pest, finding 
the climatic conditions and the host-plant ideal for its propagation in Balu- 
clustan, gradually established itself and is now a pest of fii’st rate importance. 
In view" of the sliort period in which its life-cycle is completed, it is very im- 
probable that the pest can reach Baluchistan while being earned inside infested 
a-pples imported by sea from Europe, the United States, North and South 
Africa, Australia, etc. The writers agree wdth Prutlii [1938] in believing the 
codling moth to have been introduced from Afghanistan into India. 

Natubb of baaiag-e 

Apples, pears and quinces attacked by the larvae of this pest have holes 
eaten either into the side or from the blossom or stalk end to the core. Dark 
masses of ‘ frass ’ often protrude from these holes. If such fruit is split open, 
it wdll be seeti that the seeds have been eaten, the core tunnelled througli 
and that the wliole area is black and rotting making the fruit unfit for human 
i^onsumption. Tlie infested fruit usually presents an emaciated and sometimes 
stunted ap|)ea ranee and very often falls to tlie ground even with moderately' 
strong wind. 

A form of injury less familiar is the ' sting ' injuiy wliicli results from a 
mwly hatched worm, chewing the skin of the fiTiit without burrowdng into it. 
Sometimes when a larva is unable to bore at a particular place, it leaves it and 
attacks at another point, thus producing a number of ' sting ’ injuries on the 
same fruit. Although these injuries are only skin deep, the fruit is invariabN 
exposed to the attack of fungi and scavenger beetles of the family Nitidulidae 
from wliicli a healthy fruit is usually immune. Kot sets in as a result thereof 
and the fruit is spoiled. 

It has been ascertained that in the Quetta- Pishiii district about 80 per 
cent of apples are infested by this pest, while at Fort Saiideman (Zhoh district) 
the infestation is about 60 per cent [Pruthi, 1938], Pears and quinces are also 
attacked almost to the same extent. 

Life-histoby 

Immature stages 

The vaiious immature stages and the life-history of the codling moth have 
been previously described in detail by Pruthi [1938]. Therefore, only the 
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iiistars and the moixlts of the lain^ae are described here in detail. It has been 
ascertained that the larva undergoes five moults and thus there are six larval 
instars. The description of the various instars is as follows : — 

First instar. Length of a newly hatched larva is 1‘9 to 2*1 min., head 
being 0*25 mm. in breadth. Soon after hatching, the larva is dirty- white, 
but ultimately turns creamy-white ; head and thoracic shield dark brown ; 
anal plate concolorous with the body; thoracic legs darker than the body 
colour ; prolegs concolorous with the body. Body with a few long, white 
hairs. 

Second instar. Length soon after moulting is 3*8 mm., head 0*42 mm. 
wide. General body colour creamy-white ; head dark browm ; thoracic shield 
a shade deeper than the head ; anal plate shield-shaped, dark brown ; thoracic 
legs very dark brown ; prolegs concolorous with the body ; tubercles distinct, 
liglat brown in colour, each bearing a single hair ; hairs few, creamy- white, 
moderately long. 

Third instar. Length soon after moulting is 5*7 mm,, head 0*52 mm. 
wide. General body colour creamy- white but gradually acquires a pinkish 
tinge ; head somewhat pale brown ; thoracic shield dark brown ; anal plate 
shield-shaped and a shade deeper than the body ; thoracic legs dark brown ; 
prolegs concolorous with the body; tubercles distinct, shiny; hafis moderately 
long, sparse, white ; spiracles small, round and ringed with black. 

Fourth instar. Length after moulting is 7*6 mm., head 0*69 mm. wide. 
General body colour creamy- wdiite with a pinkish tinge ; head very dark brown ; 
thoracic shield much darker than the head ; anal plate shield-shaped and light 
brown; thoracic legs light brown bearing many bristle-like hairs; prolegs 
concolorous with the body ; tubercles conspicuous, shiny and concolorous with 
the body ; hairs short, white, sparse ; edges of spiracles raised, pimple-like, 
darker than general body colour. Head, thoracic shield and anal plate bear 
silky hairs. 

Fifth instar. Length after moulting is 8*3 mm. to 9*1 mm., head 0*79 
mm. wide. General body colour pinkish -white ; head dark brown, shiny; 
mouth-parts brown ; anal plate shield-shaped, darker than the body colour ; 
thoracic legs creamy -wLite bearing many bristle-like hairs ; prolegs con- 
colorous with the bod}^ ; tubercles inconspicuous, flat, spreading, coarsely 
pitted, each bearing a long yellow setae ; hairs sparse, white ; spiracles round, 
small, ringed with black. Head, pro-thoracic shield and anal plate bearing 
silky hairs. 

Sixth instar (fulhgroivn larva). Length 12*9 to 14*6 mm. and breadth 
1* 75 mm. across the first abdominal segment, head almost as long as wide 
(1* 5 mm.). General body colour bright pink especially on dorsal side ; head 
dark brown, shiny, spherical when view’^ed from above ; its surface covered by 
several pairs of setae ; mouth -parts browm, lighter than head ; antennae three- 
segniented, the distal end of the first segment having a long hair ; labium and 
its palpi prominent ; pro-thoracic shield becomes much lighter as the larva 
adx'ances in age; thoracic legs dark creamy-white; prolegs concolorous with 
the body ; crotchets black and arranged in complete circles, except on the last 
f pair on wLich they are semi-circular : anal plate dark, highly chitinized ; 

I • tubercles oval, slightly darker in colour than body, coarsely pitted ; spii*acles 
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conspiciioiiSj rotiBcl, ringed with, black. The body bears short hairs arising 
•singly.'. 

Duration of various stages, seasonal-history and number of generations 

The seasonal-history of codling moth varies considerably under different 
climatic qonditions. In the United States of America, at certain places, such 
as the Pacific North-west [Newcomer, Yother & Whitcomb, 1924] there are 
two broods in a year, while in South-west Idaho [Wakeland & Rice, 1932], 
Delaware [Selkregg & Siegler, 1928] and Yakima valley [Newcomer & Whit- 
comb, 1924] there are three broods and in the warmest southern provinces 
there are even four broods [Van Leeuwen, 1929]. There are two generations 
and a partial third one of the codling moth in South Africa [Pettey, 1932] 
and New South Wales [Allman, 1928]. In Canada and England there is one 
brood, sometimes two broods in a year [Adkin, 1935]. An account of the sea- 
sona' -history of the izisect in Baluchistan for 1937 has been given by Pruthi 
[1938]. As a result of our investigations during the last four years, it has been 
ascertained that there are two generations of the codling moth in the Quetta 
valley in a year. The studies were started in the laboratory with the first- 
brood eggs deposited during 1936 and subsequently confirmed by field 
observations. 

First generation 

Eggs of the first brood. During 1936, the eggs w^ere first deposited on April 
12, but oviposition continued up to May 19. The dates during 1937, 1938 and 
1939 were April 9, 15 and 10 and oviposition continued up to May 16, 22 and 20 
respectively. They are laid singly but occasionally two or three may be found 
together. Majority of them are deposited on the upper surfaces of the leaves 
near a cluster of newly set fruit, but sometimes a few are found on fruit as well. 
The incubation period varies from 5 to 14 days with an average of 9-3 days. 
In 1936 it varied from 7 to 13 days, in 1937 from 6 to 14 days, in 1938 from 
7 to 13 days while in 1939 from 5 to 14 days. A day or two before hatching, 
the egg loses its glistening a^jpearance and a black spot ajzpears. This is the 
head of the young larva, which when ready to emerge, may be seen to move 
its mandibles to cut through the shell. 

Larvae of the first brood. During 1936, eggs commenced hatching on April 
25 and continued uptil May 26. In 1937 hatching started on April 23 and 
continued uptil May 22, in 1938 they commenced hatching on April 27 and 
continued uptil May 29, while in 1939 hatching was in progress from April 24 to 
May 25. A newly hatched larva moves about and sometimes nibbles a little 
of the undersurface of the leaf here and there until fruit is reached. The first- 
brood larvae enter the newly set fruit either at the calyx or stalk* end or at any 
other point on the fruit. The feeding period of the larvae ranged from 12 to 
44 days with an average of 25*5 days ; in 1936 it was from 18 to 39 days, in 
1937 from 18 to 40 days, in 1938 from 12 to 44 days while in 1939 it was from 
16 to 40 days. The larva remains inside the fruit until it is full grown. At 
the end of the feeding period, the larvae leave the fruit through exit holes and 
seek some suitable sheltered places under wdiich they spin cocoons. The 
attack of Quetta borer (Aeolesthes sarta Solsky) is common in the orchards 
of Baluchistan and the galleries made by the grubs of this beetle on apple 
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stems afford suitable places for the larvae to form cocoons. The cocoons are 
also found under loose bark of trunk and branches, in cracks of stunips and also 
in the grasses and other weeds near the base of the trunk. The cocoons spun 
by the first-brood larvae are thinner than those formed by the overwintering 
larvae. Before pupating, the larva excavates a short passage for the pupa to 
wriggle out. 

The |3re-pupal period, which begins from the time the larva leaves the fruit 
and ends with pupation, varied from a minimum of 5 days to a niaximiuii of 
16 days with an average of 9*3 days. In 1936 it varied from 6 to 14 days, in 
1937 from 7 to 12 days, in 1938 from o to 18 days while in 1939 it varied 
from 6 to 15 days. 

Pupae of the first brood. During 1936, the first pupation took place on 
June 9 and the last one on July 7. During 1937, 1938 and 1939 the first pupa- 
tion was recorded on June 12, 10 and 1 1 and the last one on July 9, 8 
and 18 respectively. The pjupal period varied from 7 to 17 days with an 
average of 11-6 days. In 1936 it varied from 9 to 15 days, in 1937 from 7 to 
14 days, in 1938 from 8 to 16 days while in 1939 from 8 to 17 days. 

Moths of the first brood. When the moth is about to emerge, the pupa 
wriggles out of the cocoon, till it reaches the surface through the passage which 
was previously prepared by the larva. The case splits open and the adult 
moth emerges leaving about two -thirds of the pupal case protruding from the 
exit hole. In 1936, the first moths of this brood emerged on June 24 and the 
last on July 21. The dates of first emergence during the three subsequent 
years were June 25, 22 and 26 and emergence continued uptil July 20, 24 
and 28 respectively. The length of life of the adult varied from 3 to 12 days, 
the average being 8*6 days during June-July, 1938. The females lived a day 
longer than the males. 

Copulation takes place soon after the adults emerge and lasts from an hour 
to an hour and a half. Invariably it takes place at night. The pre-oviposi- 
tion period varied from 2 to 4 days with an average of 2*9 days. The average 
time of egg deposition was 9 • 9 days varying from 4 to 14 days. Table I gives 
the oviposition records for the first-brood moths in 1938. 


Table I 

Oviposition record of first-brood moths, 1938 


Observation 

number 

Number 

of 

moths 

Date of 

Number of flays 

Emergence 

i First 

oviposition 

Last 

oviposition 

Before 

oviposition 

Of 

oviposition 


2 

June, 22 

June, 24 

June, 27 

2 

5 - 

■ .2 . ■ 

9 

„ 29 

July, 1 

July, 3 

2 

4 . 

" a '■ 

8 

July, 2 

4 

„ 14 

2 

12 


5 

» 3 

r, 5 

„ 10 

2 

7 


4 

„ 5 

,, 7 

17 

2 

12" , 

• . A ^ , , 

9 

7 

9 

,, 20 

2 

13 

. .7 , , 

3 

„ 19 

„ 22 

„ 28 

3 

9 

' 'Sc.'"., 

2 

' „ 22 . i 

„ 24- 

Aug., 1 

2 

10 





Average , 

2*1 

9-0 





Maximum 

3 

13 





Minimum I 

2 
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. Tlie egg-laying activities of the moths were observed in detail. Oviposition 
usually occurs just after sunset and as the time of oviposition approaches, 
there are indications of excitement on the part of the female, ilfter sometime, 
it becomes quiet when the tip of its abdomen touches the surface on which it 
rests. It slowly lifts its abdominal tip and lays an egg. This process is repeat- 
ed until all the eggs are laid. The average number of eggs deposited by the 
first-brood moths "was 41*3 — ^ten females depositing 413 eggs. The maximum 
number of eggs deposited by a single female was 102. 

LifercycU of first generation. The life-cycle of the first generation varied 
from 55 to 78 days with an average of 65*2 days. In 1936 it varied from 61 
to 78 days, in 1937 from 59 to 73 days, in 1938 from 55 to 72 days while in 
1939 it ranged from 57 to 76 days. 

Second generation 

Eggs of the second brood. During 1936, the first eggs were deposited on 
June 26 and oviposition continued up to July 25. The dates during 1937, 
1938 and 1939 were June 28, June 24 and June 30 and oviposition continued 
up to July 29, July 23 and August 1, respectively. Majority of the second- 
brood eggs are laid on the fruit though some are found on leaves as well. The 
incubation period varied from 5 to 11 days with an average of 8*2 days. In 
1936 it varied from 5 to 11 days, in 1937 from 5 to 10 days, in 1938 from 7 to 
10 days while in 1939 fi’om 6 to 11 days. 

Larvae of the second brood. During 1936, the eggs of the second brood 
commenced hatching on July 8 and continued up to August 3. In 1937 they 
started on July 5 and continued uptil August 5; in 1938 they commenced 
on July 7 and continued uptil August 1, while in 1939 they hatched on July 10 
and continued uptil August 7. The young larvae enter the fruits which are 
by now fairly well developed, near the calyx-end or the stall^-end or from 
the side, often selecting a place where the fruit is already injured by 
some physiological or other agency. They enter healthy as well as infested 
fruit indiscriminately avoiding, however, the exit holes already made by the 
larvae of the first brood. The feeding period of the' larvae ranged from 30 to 
50 days with an average of 44*1 days ; in 1936 from 30 to 47 days ; in 1937 
from 36 to 50 days ; in 1938 from 33 to 49 days ; and in 1939 from 34 to 45 days.' 
When full grown, the larva stops feeding, leaves the fruit and seeks some suit- 
able shelter for spinning its cocoon. During 1936, the first larva came out 
from the fruit on August 22 and the last one on September 14. The dates on 
which the first larva came out during 1937, 1938 and 1939 were August 28, 25 
and 23 and the last one on September 23, 17 and 20 respectively. Suitable 
places of shelter for pupation are afforded by the loose bark and burrows made 
by the Quetta borer on apple stems. The cocoons are composed of interwoven 
silken threads, almost elliptical in shape incorporating in their walls some trash 
such as bits of bark, etc. Usually they are found in groups of 5 to 12 some- 
times 20 or even more. The larva hibernates in this cocoon in a bent or 
curled condition and before it pupates, it remodels the cocoon, elongating 
it and building a long slender passage to the outside for the pupa to wriggle 
out. Securely enclosed in these cocoons the larvae pass the winter until the 
approach of the next spring season, when they change into pupae. The pre- 
pupation period mcjuding hibernatiox]. varied from 1 65 to 203 days yith an 
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average of 191 •! days. Biuing 1936-37 it ranged from 181 to 203 days, in 
1937-38 from 179 to 192 days, in 1938-39 from 177 to 198 days vhile in 1939-40 
from 165 to 201 days. 

Piifcie of the second brood. During 1937, the earliest pupation of over- 
wintering larvae occurred on March 15 and the last one on April 8. During 
1938, 1939 and 1940 the first pupation was recorded on March 12, 10 and 14 
and the last one on April 9, 8 and 10 respectively. The pupal period varied 
from 23 to 30 days with an a,verage of 26-8 days. In 1937 it varied from 23 
to 25 days in 1938 from 26 to 29 days, in 1939 from 24 to 30 days and in 1940 
from 25 to 27 days. 

Moths of the second brood. In 1937, the fir.st moths of this brood emerged 
on April 8 and the last on April 31. The dates of first emergence during the 
three subsequent years were April 11, April 9 and April 13 and continued up to 
May 5, May 1 and May 6 respectively. The length of life of adult varied 
from 8 to 20 days, the average being 11-4 days during April-May 1939. The 
females hved a day longer than the males. The pre-oviposition period varied 
from 2 to 7 days with an average of 4-5 days. The duration of egg deposition 
varied from 6 to 19 days, the average being 11-5 days. Table II gives the 
oviposition records for the second-brood moths in 1939. 

Table II 


Oviposition record of second-brood moths, 1989 


ObservatioD 

mimber 

Number 

of 

moths 

- 

Bate of 

Number of days 

Emergence 

First 

oviposition 

. 

East 

oviposition 

Before 

oviposition 

Of 

oviposition 

1 

3 

April, 0 

April, 13 

April, 15 

4 

6 

2 

6 


..17 

25 

3 

11 

?> 

5 

„ 16 

» 21 

29 

5 

13 

' ^ 

• b 

16 

■ „ . 25 

„ 28 

6 

9 

5 

7 , ■ i 

„ 20 

24 

May, 8 

4 

13 

fr 

f 1 

■ ' 5 , ■ ^ 

» .25 

„ 8 

2 . , . I 

15 

7' 1 

■ ' 2 ' 

„ 26 • 1 

. » 2S 

» 10 

2 ' 

14 

8 1 

5 1 

I- . 30 ' .1 

May, 3 

„ 12 


12 

1 

! 

1 ■ I 

■ ■ ■ I 

.1 


Average 

3*62 

11*62 


!■ ' . ' ■ ^ 

■ ! 
i 

. 

Maximum 

6 ■ 

1 

15 


1 1 

■ 1 

i 


Blinimum 

1 

1 2 ■ 

! 

6 


The average number of eggs deposited by the second-brood moths was 35*8 
— ^ten females depositing 358 eggs. The maximum number of eggs deposited 
by a single female ivas 83. 

Life-cycle of second generation. The hfe-cycle of the second generation 
varied from 243 to 290 days with an average of 268-9 days. In 1936-37 
it varied from 243 to 264 days, in 1937-38 from 259 to 290 days, in 1938-.39 
from 251 to 287 days and in 1939-40 from 262 to 275 days, 
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General summary. The summarized data on the important stages in life- 
history are given in Table III. 

Table III 


S'ummary of the life-history data of Cydia pomonella (Linn,), 1936-39 


Stages iii life-history 

Fi 

rst generation 

Seco3 

id generation 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

Average 

Incubation period of eggs (in days) 

14 

3 

9*3 

11 

5 

: S-2 

Larval feeding period (in days) . . . 

44 

12 

25‘5 

50 

30 

44*1 

Pre-pupal period in days (First generation 
only) 

16 

5 

9*3 



* 

Fre-pupal and hibernation period in days 
(Second generation only) 


* 

1 

203 

165 

191-1 

Pupal period (in days) .... 

17 

7 

11*6 

30 

23 ! 26-8 

Pre-oviposition period (in days) . , . 

4 

2 

2*9 

i 7 

2 i . 4-5 

Ovipositioii period (in days) 

14 

4 

9*9 

1 19 

6 t 11*5 

Longevity of adults (in days) . . . ' 

12 

3 

8-6 

20 

8 1 11-4 

Life-cycle (in days) 

i 78 

1 55 

65*2 

290 

243 I 268*9 


Natural enemies 


In Baluchistan, only one parasite of the larva of codling moth, viz. Parali- 
tomasHx variicornis (Nees) (Encjrtidae : Chalcidoidea) has so far been observed 
in small numbers. 

The hibernating caterpillars of the codling moth are affected by the ex- 
tremes of climatic conditions prevailing in the Quetta valley and other parts 
of Baluchistan. The Indian house-sparrow, Passer domesticus indicus, which 
is a constant visitor of the fruit trees in alarming numbers and is a serious 
menace to the fruit-growers, sometimes comes to their aid by preying upon the 
wintering worms that often seek shelter under the bark of the tree-trunks or in 
the soil around the base of the trees. Occasional hoeing of the soil, therefore, 
exposes the hibernating larvae and pupae to such birds. 

Control methods adopted in BALtrcmsTAN 
Plan' of spraying 

Experiments on the control of codling moth were started in the beginning 
of 1936 and continued for three subsequent years. Four orchards at Quetta 
in which the fruit had seriously suffered from the attacks of codling moth in 
previous years were selected for experiments. Each garden contained two 
distinct blocks each of which was about an acre in size, and grown exclusively 
under the Kandhari variety and the other under the Kulu variety. The trees 
were 15 to 18 years old, 16 feet apart and mostly of uniform size. The height 
of the Kandhari trees was 20 to 25 ft. while that of the Kulu variety was 17 
to 23 ft. A block contained 12 rows withT4 trees in each row. These were 
selected for spraying experiments each year. ‘Four Oaks Bridgewater ’ 


II] BIOLOGT AND CONTROL OF CODLING MOTH IN BALUCHISTAN 


121 


'I 








t ^ 



spraying macMne, armonred rubber hose | in. X 25 ft., bamboo lance 4 ft. long 
and a double swivel nozzle were used in spraying. In applying the spray, 
the nozzle was directed in such a way as to get a straight drive into the calyx 
cups. The trees were sprayed first at the top and then the lower portions by 
adjusting the nozzle. Spray material at the rate of about two gallons per tree 
per application was used and this quantity was sufficient to cover the trees 
thoroughly. 

Time of spray applications 

In all, one calyx and four cover sprays w^ere applied and the object and 
timing of these are described as follow's : — 

(1) Calyx spray. The purpose of this spray was to deposit poison in the 
calyx cups when almost all the petals had fallen off and before the calyx cups 
had closed. This is an important factor in codling moth control, because the 
small larvae find the calyx cups convenient places for entering into the fruit. 
The proper time for the application of this spray w^'as when the calyx lobes 
had formed into cups, and when approximately 90 per cent of the petals had 
fallen. The authors believe this spray to be an important one as data at hand 
have often shown that about 60 per cent of the larvae enter through the 
calyx cups on unsprayed trees. 

(2) Cover sprays. Cover sprays are for the express purpose of covering the 
fruit with a protective material to act as a poison for the larvae at the time they 
wmuld attempt to enter the fruit. They also serve as a coverage of the leaf 
surface where many of the larvae can also be poisoned. In all, four cover 
sprays were applied and their timing was so planned as to give coverage during 
the laatching of the larvae of each brood. 

First cover spray. As the spring-brood moths continue to emerge for about 
a month, the eggs deposited by them continue to hatch for the same period. 
The first cover spray was, therefore, applied to kill those worms of the first 
brood which had hatched out of the eggs deposited in the middle of the egg- 
laying period. This spray was applied about three weeks after the calyx 
spray. 

Second cover spray. This spray was applied about 10 days after the first 
cover spray, and is important, because the maximum number of first-brood 
worms are present in the orchard at this time. Moreover, abundant food 
is also available to them as the fruit begins to grow rapidty. 

Third cover spray. The third cover spray was meant to protect the fruit 
from the attack of the earliest hatched second-brood worms, which usually 
start coming out in the first week of July. It was applied 10-12 days after the 
second cover spray. 

Fourth cover spray. The fourth cover spray was scheduled about 20 days 
after the third cover spra 3 ^ as at this time, the maximum number of second- 
brood worms are present in the orchard. If the worms are not under control 
by this time, later sprays can do little good and will only result in excessive 
quantities of poison lesidue being left on the fruit at picking time. 

Table IV gives the actual spra 3 dng dates together with the blossoming 
periods of the Kiilu and the Kandhari varieties of apples in the four selected 
gardens at Quetta during the years 1936-39, 
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Table IV 

BlossoDiing periods and sprasfing dates on Ktdu ami Kaiidhafi varieties oj ag/ples 

\ ' 1936^39 


'Year, 

\';iriety 

i’ull 

Idosi^om 

All petals 
drop|)(‘d 

Cal.vx 

spra>' 

First. 

rover 

spray' 

Second 

cover 

spray 

Third 

cover 

spray 

Fourth 

covtjr 

spray 

Fruit 

picked 

;i93f> 

Kuld 

Kaiidli* 

ari 

20 

17 

April, 25 

,, 22 

.Aiail, 23 

,, 20 

May', :13 

„ 10 

Atayy 23 

20 

July, 4. 

„ 1 

July, 24 

21 

Septeml»cr, 20 

„ , 13 

1987 

Kiilti 

Ivandh- 
iiri . 

18 

,, :ir> 

April, 23 

,, 20 

April, 21 

1 „ IS 

Alay, ,11 

5 s 

Alay, 21 

„ 18 

July, 2 

June, 29 

July, ' 22 

19 

September, 22 

" 15 

I'oss 

■ 1 
: j 

Kidii . 

' Kand,h- , j 

. ,ari „ 1 

.April, 22" i 

„ 10 

April. 27 

24 ■: 

! April, 25 

' 22 

May, 15 
» .12] 

Afay, 25 Inly, 3 

„ 22 r June, 30 

July, 23 

„ 20 

; September, 25 

16 

' .i 

■ 1939 1 

Kul'ii * . I 

Kaiidli- 

ari 

April, 17 

,, 14 

1 April, 22 

■ „ .'"'111 

April, 20 i May, 10 

17 „ 7 

i 

Alay, 20 Julj^ 0 

n 17' ; 3 ' 

July, 26 

„ 23 

September, 23 

n 14 ' 


Insecticidal tests 

During the past half a century, workers aE over the world have been 
engaged in investigating suitable and effective insecticidal remedies against 
this important pest. Of the numerous insecticides consisting of stomach and 
contact poisons that have been tested by the various workers, McAllister and 
Van Leeuwen [1930] have listed no less than 284. These include various 
arsenicals, organic poisons such as nicotine, oils alone and in combination with 
arsenates of lead and calcium, nicotine sulphate, §tc. ; several stomach poisons 
other than arsenicals including fluorine compounds ; and various stickers and 
spreaders. Although there is diversity of opinion among the workers regard- 
ing the effectiveness of the various insecticides usefi, a great majority of them 
still hold that lead arsenate is the most suitable and effective insecticide against 
the codling moth [Pettey, 1932] chiefly because of its low cost [Sherman III, 

^ 1936] . Spraying tests were carried out by us with a number of materials which 
were tested separately as well as in combination with others. ; Generally speak- 
ing, these' insecticides,, as is well known, can be divided into' two: classes— 
stomach poisons and contact sprays. The arsemcals and fluorides come in the 
first general group, while kerosene-oil, crude oil, nicotine sulphate (Black leaf 
' 40 ') and fish oil fall in the second group. Bach one of these was given a trial 
each year with a view' to find out the most effective insecticide under Baluchis- 
tan conditions. The results obtained are recorded as folows - 

(1) Lead arsenate. Tests were carried out with this chemical using 4 
lb. of lead arsenate powder to 100 gallons of water with casein as a spreader. 
When a full course of this spray was given, on the average it reduced the wormy 
fruit to 25 per cent in the Kulu and 26*5 per cent in the Kaudhari variety. 
Spray’' lesidue from apples was removed by dijiping in 1 * 5 per cent hydrochloric 
acid for two minutes and rubbing with a soft cloth. 

The following materials were used in combination with lead arsenate in an 
attempt to increase its effectiveness or to add to the toxicity of the spray. 
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(1) Fish oiL This was used with, lead arsenate at tlie rate of one quart 
per 100 gallons of the spray on all cover sprays following a calyx spray with 
lead arsenate aloiie. The addition of fish oil resulted not onl}^ in a better ty pe 
of coverage on the fruit but also in an increased deposit of lead arsenate- In 
addition, it had also an ovicidal value. Its application reduced on the average 
the wormy fruit to 16 per cent in the Kulu and 16*8 per cent in the Kan- 
dhari variety. Spray residue was removed by giving the fruit a dip in 
sodium silicate solution. 

(ii) Kerosene oil. Experiments were conducted to test the efficacy of lead 
arsenate-kerosene oil combination. The spray was prepared according to the 
following formula : 

Water ......... 2 gallons 

Ammonia (concentrated) . . . . . .25 liquid ounces 

Casein . . . . . . . . .4 ounces 

Kerosene oil . . . . . . . .8 gallons 

Ammonia was first added to the water and then casein was dissolved in it after 
which oil was added slowly and mixed for 20 minutes. The mixture was 
churned thoroughly for about 20-30 minutes until the oil was thoroughly mixed. 
One gallon of this kerosene oil emulsion was used in 100 gallons of lead arsenate 
spray. This combination, when used in all thee fivsprays, reduced the wormy 
fruit on an average to 16-7 per cent in the Kulu and 17*7 per cent in the 
Kandhari variety. Although the addition of kerosene oil emulsion to lead 
arsenate increased the arsenic deposit on the fruit and besides acting as an 
ovicide, its application resulted in severely burning the leaves, along with 
partial defoliation of the trees. It had also the additional disadvantage of 
complicating residue removal. 

(Hi) Crude oil. This was combined with lead arsenate in the same propor- 
tion and the spray was prepared in the same way as the kerosene oil emulsion. 
This combination when used in all the five sprays, reduced the wormy fruit 
on the average to 18*5 per cent in the Kulu and 19 • 2 per cent in the Kandliari 
variety. Although this spray proved effective in controlling the worms by 
killing the eggs and young larvae, it was not superior to lead arsenate when 
used alone, as it resulted in severely burning the foliage. It had also the dis- 
advantage of complicating residue removal. 

(iv) Nicotine sulphate leaf *^ 40 ’). This was combined with lead 

arsenate at the rate of f pint in 100 gallons of spray and was applied in all the 
five sprays. Although there was no foliage injury, it did not materially improve 
the worm control and the results obtained were ahnost equal to those got by 
the application of lead arsenate alone. On the average, it reduced the wormy 
fruit to 24*5 per cent in the Kulu and 26* 2 per cent in the Kandhari 
variety. The spray residue was easily removed by dipping the fruit in 1 • 5 
per cent hydrochloric acid solution. 

Along with these tests, a few trees were kept as control wdiere no spray 
was applied and on the average there was 78*5 per cent wormy fruit in the 
Kulu and 80 per cent in the Kandhari variety. * 

(2) Calcium arsenate. This chemical was selected because, next to lead 
arsenate, its cost, availability, compatibility with fungicides and stability 
appeared to be niost promising of all suggested remedies. Experiments were 
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carried out UvSing 3 lb. of calcimn arsenate per 100 gallons of water with a 
small quantity of soap as a spreader. When a full course of this spray was 
given., on the average it reduced the wormy fruit to 27 • 2 per cent in the Kiilii and 
27 " 7 per cent in the Kandhari variety. These results indicated that calcium 
arsenate spray was not as effective as lead arsenate when used alone. No 
burning of foliage was, however, experienced. Spray residues from apples 
were easily removed by dipping them in one per cent hydrochloric acid solution. 

Calcium arsenate has the advantage of being cheaper than lead arsenate 
and can be easily combined with a number of other materials , such as vegetable 
oils, mineral oils, fish oils, etc. The following materials were used in combi- 
nation with calcium arsenate in an attempt to increase its eifectiveness or to 
add to the toxicity of the spray. 

(i) Vegetable oil. The vegetable oils tested were linseed, rape and castor 
oils. Experiments using calcium arsenate with these oils w^'ere carried out to 
find out the most effective combination amongst them. All mixtures were 
prepared with three pounds of calcium arsenate per 100 gallons of w^ater and 
1| lb. of oil. The oils were churned well in water before adding calcium 
arsenate. Each combination w-as used in all the five sprays. The control 
obtained with linseed oil was in general a little better than that obtained with 
lead arsenate when used alone and on the average, it reduced the wormy 
fruit to 24 per cent in the Kulu and 24*5 per cent in the Kandhari variety. 
This combination had, however, the disadvantage of burning the foliage and 
affecting the colour of the fruit. Rape oil came next to linseed oil and on the 
average, reduced the wormy fruit to 24*5 per cent in the Kulu and 25 per 
cent in the Kandhari variety. This combination also burnt the foliage and 
affected the colour of the fruit. Castor oil gave poor results by reducing on the 
average, the wormy fruit to 30* 5 per cent in the Kulu and 29 • 5 per cent in the 
Kandhari variety. There was, however, no foliage injury. Residues from apples 
sprayed with these combinations were easily removed by dipping in 1 • 5 per cent 
hydrochloric acid solution. 

(ii) Fish oil. This was used with calcium arsenate at the rate of one quart 
per 100 gallons of the spray on all the cover sprays following a calyx 
spray with calcium arsenate alone. The combination was equal in efficiency 
to lead arsenate used alone and, on the average, reduced the wormy fruit to 
25*2 per cent in the Kulu and 26 per cent in the Kandhari variety. Although 
little arsenic injury occurred early in the season on the trees sprayed wdth this 
combination, severe burning and yellowing of the foliage took place late in 
the season. Sodium silicate solution w’^as used for removing the spray residue 
from apples. 

{in) Kerosene oil. When kerosene oil w^as used with calcium arseiiate, a 
high deposit resulted, and the degree of control was better than lead arsenate 
spray. On the average, this spray, when applied in all five sprays, reduced 
the wrormy fruit to 19* 5 per cent in the Kulu and 20 per cent in the Kandhari 
variety. The kerosene oil emulsion was made with casein-ammonia in the 
Ksame w^ay as in lead arsenate-kerosene oil emulsion, but the quantity used 
w^as half a gallon of the emulsion to 100 gallons of the spray. ThisLspray 
did not burn the foliage and further the residue w'as easily removed. Amongst 
all the calcium arsenate combinations, this has given the best results under 
our conditions. 


] 


ilj BIOLOGY AND CONTKOL OF CODLING MOTH IN BALUCHISTAN 125 

Along with these tests a few' trees w^ere kept as controls where no spray 
was applied and on the average there w^as 78-5 per cent wormy fruit in the 
Kiilu and 77 * 7 per cent in the Kandhari variety, 

(3) Cryolite sodium ahmimkim fluoride). Trials were made with cryolite 
to find out its efficacy under our conditions. Used in all the five sprays at 
the rate of 4 lb. to 100 gallons of w'^ater, the results obtained were sightly 
better than lead arsenate used alone. On the average, its application reduced 
the wormy fruit to 24* 5 per cent in the Kulu and 24*2 per cent in the Kandhari 
variety. Better results wem, howwer, obtained when one pint of fish oil and 
a small amount of soap were added to the spray as they considerably improved 
the uniformity of the cryolite deposit. When cryolite-fish oil-soap are used, 
on the average this spray reduced the wormy frait to 19 per cent in the Kulu 
and 19*7 per cent in the Kandhari variety. There was no foliage injury and 
the residue from apples was easily removed by dipping in 1-5 per cent hydro- 
chloric acid to which 2 per cent boric acid wus added. 

A few trees kept as controls along with these tests gave on the average 
79* 5 per cent wormy fruit in the Kulu and 80 per cent in the Kandhari 
variety. 

(4) Kerosejie oil-nicotine sulphate {Black leaf ' 40^). Tests were made 
with this combination as a possible substitute for lead arsenate. The formula 
used was one gallon of kerosene oil emulsion prepared with casein-ammonia 
and one pint of nicotine shulphate (Black leaf "40’) in 100 gallons of water. 
Experiments have shown that w^hen this combination was used in all the five 
sprays, poor results wnre obtained. On the average, it reduced the wormy 
fruit to 38 ‘5 per cent in the Kulu and 39 *2 per cent in the Kandhari variety. 
Its effect wus, however, very greatly increased if lead arsenate wus applied on 
calyx and oil-nicotine combination on the subsecj[uent cover sprays when, on 
the average, it reduced the wormy fruit to 16 per cent in the Kulu and 16*8 per 
cent in the Kandhari variety. The outstanding value of this combination was 
that it proved to be a triple-acting spray as it killed moths, eggs and larvae. 
The data on oil -nicotine spray as a whole indicate that it can be used to the 
best advantage on cover sprays where a lead arsenate spray has been given on 
calyx. It did not burn foliage and the residue from apples was easily removed 
by dipping first in sodium silicate solution and then in hydrochloric acid solu- 
tion. On account of the high cdst of the ingredients, it is however a costly 
spray. On control trees, the average wormy fruit produced in the Kulu 
variety was 80 per cent and in the Kandhari it was 80*5 per cent. 

Summary of insecticidal tests 

The effect of different sprays on the percentage of infestation is shown in 
Table V. It is clear from this table that lead arsenate-fish oil combination 
(series ii) and lead arsenate-kerosene oil emulsion-nicotine sulphate combina- 
tion (series xv) have proved the most effective sprays, both reducing the wormy 
fruit on the average to 16 per cent in the Kulu and 16 ‘ 8 per cent in the Kan- 
dhari variety. But comparatively speaking on account of the high cost of 
the ingredients of the latter combination, it cannot be used on a large scale. 
Next in effectiveness comes the lead arsenate-kerosene oil emulsion combina- 
tion (series iii) reducing the wormy fruit to 16* 7 per cent in the Kulu and 17 * 7 
per cent in the Kandhari variety . But it has the disadvantage of resulting in 
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severe foliage bimiingj sometimes even in partial defoliation. Same was tbe 
ease witli the lead arsenate-crude oil emulsion conibination (series iv). 
Cryolite -fisli oil-soap combination (series xiii) also gave satisfactory results; 
reducing the wormy fruit to 19 per cent in tbe Kiilu and 19*7 per cent in 
the Kaiidhari variety. The other combinations did not give satisfactor}* 
results. Taking into consideration every aspect of the spray, lead arsenate- 
fisli oil combination has proved to be the best under our conditions. 


Table V 

Effects of sprays on the prcentage of mfestatiofi 


Serial 

mimber 

Treatmeiifc* 

Kulu 
j variety 

1 Kandhari 

1 variety 

Sound 

Wormy 

Sound 

Wormy 

i 

4 i!>. load ars(matc,Ca.seiii--Calyx, 4 Cover isiirays 

75 

25 

73*5 

26*5 

ii 

4 Ib. lead arsenate — Calyx, 4 lb. lead arsenate, 1 qt. 
fisli-oil- — 4 cover sprays 

84 

16 

83*2 

16 *S 

iii 

4 lb. lead arsenate and one gallon kerosene oil emulsion 
— calyx, 4 cover spray.s 

83*3 

16*7 

82*3 

17*7 

iv 

4 11), lead arsenate and one gallon crude oil emulsion — 
calyx, 4 cover spray.s 

81*5 

18*5 

80*8 

19*2 

V 

4 lb. lead arsenate and f pt. nicotine .sulphate — calyx, 

4 cover .syvrays 

75 • 5 

24*5 

73*8 

26*2 

Vi 

0 Ib. caleinm arsenate and soap-calyx, 4 cover sprays 

72-8 

27*2 

72*3 

27*7 

vii 

ij lb. calciiini ar.seriat(‘ and 1 1 lb linseed oil — calyx 

4 cover spray.s 

76 

24 

75*5 

24*5 

viii 

} ;.} IS), ealeiutn ursciiate and IJ lb. rape oil — calyx, 

4 cover S])rays 

75-5 

24*5 

75 

25 

lx 

;l lb. calcium arsenate and I i lb. castor .seed— calyx, | 
4 cover s|>niys 

60-5 

1 

30*5 

70*5 

29*5 

X 

:> lb. calcium arsenate and .soap — calyx spray. 3 lb. 
calcium nrscuate and 1 qt. fish oil — 4 cover sprays 

74*8 1 

25*2 

, 74 

26 

xi i 

ib. calcifim arsenate* and 1 gallon kerosene oil emul- 
sion — eal>'x, 4 cover sprays 

SO -5 1 

19*5 

80 

20 

Xii 1 

4 lb. cryolite — calyx, 4 cover sifrays . . 

75*5 '{ 

24*5 

75*8 

24*2 

xiii 

4 11). cryolite, 1 })t. llsb oil and soai) — calyx, 4 cover 
sprays 

i 81. i 
1 

19 

80*3 

19*7 

xiv j 

I gallon kero.sene-oil emulsion and 1 pt. nicotine sul- 
phate (B. L. “ 40 ")— calyx, 4 cover sprays 

61 • 5 j 

38*5 

60*8 

39*2 

XV 

1 

4 lb. lead arsenate— calyx spray. 1 gallon kerosene 
oil emulsion and 1 pt. nicotine siil|)hate (E. L. 
“40”) — 4 cover spray.s 

84 j 

I 

16 ' 1 

, ; ! 

83*2 

10*8 


* Materials iisimI hi KH) ofspn^y 

Traps 

(1) Light -traps. Experiments were conducted to find out whether codling 
moths could be attracted to light or not. Six kerosene oil lamp,s wei-e hung 
during the four years that the work was in progress every night throughout the 
season in unsprayed a|)ple [dots in two gardens at Quetta. The moths were 
not attracted to these iam])s. 

(ii) Bait-traps. The sprays are only effective if appHed at the time when 
the maximum number of eggs of the two broods are laid in the orchard and are 
about to hatch. Such j)eriods can be determined if we know when the moths 
emerge and when the largest number of them are present in the orchard. A 
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simple metiiod, of forecasting siicli periods is facilitated b^Na baitHra-]), wliich 
attracts the moths in. la^rge numbers. ■ — ^ 


— Screw eye 


Enamel dish 


Screw eye 


. _ Cord 


Wooden Pole 


The co,nstriictioii of sue],! a trap ' 

described by Pettey [1932] is shown- I - - Screw eye 

in Fig. 1, wherein instead of enamel | 
bneket we used an enamel dish. i 

The following formula was used _/ Enamel dish 

for the preparation of the bait : — | yf 

Molasses , . on© part j ^ 

W ater “ « . nine parts .j / 

\ east • . enough to *sfcart ^ — Screw eye 

f eimentation, | 

Since it takes several hours for the | 

fermentation to start, the baits were I Cord 

prepared in the morning and put out | : 

in pans in the sun. By evening they I j 

were ready for putting on the poles. 11 Nail 

Two-thirds of each pan was filled || 

with the bait and refilling was done - 1^ ^ Wooden Pole 

after 6 verj^ week. l \ 

Every year 10 bait- traps were p 

placed near the two-thirds height on |1 

every fifth tree in an unsprayed I ^ 

apple plot at the Fruit iJxperiment I 

Station, Quetta. During the season - 

of 1936 a total of 1,088 moths were 

whfie their number Fig. l. A simple bait-trap for attracting cod- 
during the seasons of 1937, 1938 and ling moths (after Pettey) 

1939 was 1 , 172 , 1,093 and 1,105 respeetivelv. Every year a few moths were 
caught in the beginning of April, but from about the middle of April, tJieir 
nurnber increased till about the middle of May, followed by a rapid decline. 
Again only a few moths were caught in the last week of June but the beginning’ 
01 July registered an increase which continued until the middle of July when 
there was a decline. In the beginning of September, the use of traps was 
discontinued as no moths were attracted. 

„ -^7® collected Irom bait-trajrs helps in timhig the spray dates, 

i he actual dates are determined by corroboration TOth the seasonal activities 
01 the insect. It there is a covering of the insecticide on the fruit during the 
penod the adult , moths are caught, most of the larvae hatching from the ecas 

laid by these moths will be poisoned. 

Cost of spraying 

1 + gallons of the most effective spray (4 lb. lead arsenate and 

1 qt. hsh oil) IS Es. 4-13 and the following gives the approximate expenses 
mcuiicd. per tree during tlie whole of the season : — 


Spraying materials 
Labour . 
Bait-trap 


As. P. 
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The average yield of apples from a fall-grown plant in the Qaetta valley is 
about 200 lb. In an unsprayed tree, about 20 per cent of the fruits is healthy 
and therefore, marketable, A proper course of spraying increases the market- 
able fruit to 84 per cent. The average price of apples at Quetta is As. 1-6 
per lb. and according to this price an unsprayed tree will bring about Rs. 3-12, 
while a sprayed one will fetch Rs. 15. Thus by incurring an expenditure of 
annas 12 per tree, the income can almost be raised to four times. 
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BACTERIAL SOFT ROT OF TOMATOES CAUSED BY A 
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I N the summer of 1938 some tomato fruits of a large red variety (Pocha 
and Sons) on the college students’ farm at Lyallpur were found to be 
attacked with a certain disease. The disease appeared in the form of an under- 
skin soft rot. In early stages the fruit showed a discolouration which with the 
advance of infection turned into a brown and wrinkled spot. In extreme cases 
the fruit was shrivelled and pulpy. 

Some specimens of the fruit showing disease in early stages were brought 
to the laboratory and examined microscopically. The diseased tissue revealed 
the presence in large numbers of bacterial rods with round ends. With a view 
^ to isolate the causative organism platings were made from the infected tissue 
on nutrient agar of the following composition : 

Beef extract ... 3 gm. 

Peptone . . . . 5 „ 

’ Sodium chloride , . . 8 „ 

. Agar agar .... 15 „ 

Distilled water . . . 1000 c.e. 

pH. 6 *8 

Two different types of colonies were noticed : (i) dull white spreading with 
irregular margin ; and (ii) circular, smooth creamy white with even margin. 

! Transfei\s were made from the two types but the growth on slants in 
^ both cases appeared to be similar. On microscopic examination too, both the 
cultures were found to be rods with rounded ends and central spores. 

Inpection trials 

(1) Some fresh healthy semi-ripened tomato fruits were washed in clean 
water and the surface sterilized with mercuric chloride (1 : 1000). A portion 
of the surface was then wiped with alcohol and the fruits inoculated (with 
gentle needle pricks) in duplicate pairs with each of the cultures separately and 
I in combination. These together with four controls (also pricked with sterilized 

needle) w^ere incubated under aseptic conditions in sterilized petri dishes at 
' room temperature (about 3 7°C.). 

On the second day lesions became visible in the case of all the inoculated 
^ fruits ; these started as brownish spots and later became dark brown and 
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wrinkled. The infection was so virulent that after three days the fruit 
became pulpy and in another three days it was totally mashed up with a foul 
smelling exudate. None of the uninoculated fruits showed any sign of disease. 

In the case of the infected fruits the diseased tissue w^as examined under 
the microscope and found to be full of rods in every case. The organism was 
reisolated from the diseased fruits and w^as found to be similar to the original 
pathogen in all cases. 

(2) Another lot of healthy tomatoes w^as cleaned as above, a portion of 
the surface sterilized with alcohol and infected wdth the culture isolated under 
(1) above. 

The disease appeared as before in the form of an underskin rot w^hicli 
spread rapidly and in four days the fruit w^as pulpy and mashed up. Plate IV 
fig. 2 shows the rot in different stages. 



The organism 

The organism is a rod with rounded ends measuring 0* 75 p to Ip by 1 • 25p 
to 2*5p, occurring singly. It is motile with peritrichic flagella and produces 
ovoid central spores measuring 0-75p X l*2p, sporangia not bulged (Plate 
IV fig. 3). It is Gram positive. 

Creamy white, raised, shining, amaeoboid or branch- 
ing with crenate margin (Plate III Fig. 1). In 
very thick plates roundish fiat colonies'^ were 
also noticed (Plate III fig. 2) 

Growdh creamy w^hite, shining, spreading at the 
bottom (Plate IV fig. 1) 

Colonies circular, growth whitish, liquefaction 
Stab visible by ■whitish growth along it. Liquefac- 
tion, crateriform 

Slightly turbid. Thin pellicle, coherent 
Growth, brownish, spreading, shining with blackening 
of the substrate 

Not coagulated, colour discharged. Slight alkalinity. 
Separation of whey and settling of casein after 
prolonged incubation 

Indol not formed 
Nitrate not reduced 
Starch not hydrolysed 
Slight HgS production 

Acid from sucrose, dextrose, mannite, arabinose and glycerol 
No acid from lactose, maltose, dulcitol and dextrin 
No gas from carbohydrate broths 
Ammonia produced from peptone 

Optimum temperature 40°C. Growth limits 10° to 55°C. 

Vegetative cells not killed at 79°C. for 10 minutes 
Spores survive half an hour at boiling temperature 

^ *Both the types of colonies were separately plated and were found to foe capable of 
again segregating out foy repeated trials. The cultures from these colonies were found to 
foe identical morphologically and physiologically* 


Agar colonies 


Agar slant : 

Gelatine plate : 
Gelatine stab : 

Broth : 

Potato : 

Litmus milk : 





PLATE III 
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Fig. 1. Colonies on a thin agar plate 


Fig. 2. Colonies on a thick agar plate 



nj 

Strict aerobe 
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1. Basic-medium for the cai'bohydrate media had the following composition, one 
per cent of the required carbohydrate being added before sterilization in each case : 


Beef extract 
Peptone 
Distilled water 
pH 


3 gm., 
5 „ . 

1000 C.C.. 
7-0. 


2. Details of how tests were made 


a. Reduction of nitrate — The organism was inoculated in duplicate in tubes of 

nitrate broth and incubated at 30*^C. Controls were also kept. These were 
tested occasiozially with Greiss Ilosway’s reagent for the presence of 
nitrite. 

b. Indol production — Indol was tested in peptone water culture after an interval 

of 2 to 10 days with Ehrlich’s reagent. (Para-dimethylaniidobenzal- 
dehyde solution and potassium persulphate solution). 

c. Production of Hg^—Lead acetate agar was inoculated in duplicate with the 

organism and incubated at 30°C. with two control tubes ; slight blackening 
of the inoculated tube showed the production of HgS. 

d. Hydrolysis of starch — 'Peptone broth containing 0 -2 per cent soluble starch was 

employed for the purpose. A number of tubes of this medium were 
inoculated and kept under observation for a period of four weeks, and 
occasionally tested wdth iodine solution. 

From the above recorded morphological and physiological study the 
organism apparently belongs to the family Bacillaceae, genus Bacillus and 
is mesophilic. It appears to belong to the Bacillus subtilis group but the cultu- 
ral characteristics do not agree completely with any of the known species. 
Hence a new species name Bacillus puctodestrums is proposed formally. 
Bacillus fructodestruens (Madhok and Fazahud-Din) sp. nov. 

0 • 75-1 • 0 X 1 ‘ 25-2 • 5 microns, occurring singly, motile 
with peritrichio flagella 

Central, ovoid, 0*75x1*2 microns, not bulging the 
sporangium 
Positive 

Creamy white, raised, shining amaeoboid or branch- 
ing, crenate margin. Eoundish in thick plates 
Growth creamy white, shining, spreading at the 
bottom 

Colonies circular, growth whitish, liquefaction 
Stab visible by whitish growth along it. Liquefac- 
tion, crateriform 

Slightly turbid. Thin pellicle, coherent 
Growth, brownish, spreading, shining with blackening 
of the substrate 

Not coagulated, colom discharged. Slight alkalinhyr. 
Separation of whey and settling of casein after 
prolonged incubation 

Indol not formed 
Nitrate not reduced 


Rods : 

Spores : 

Gram stain : 
Agar colonies : 

Agar slant : 

Gelatine plate 
Gelatine stab : 

Broth : 

Potato : 

Litmus milk : 
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I . Starch not hydrolyzed 

I ' Slight HgS production 

j , Acid from sucrose, dextrose, mannite, arabinose and glycerol 

I No acid from lactose, maltose, dulcitol and dextrin 

^ No gas from carbohydrate broths 

I Ammonia produced from peptone 

i Optimum temperature 40°C. Growth limits 10° to 55°C'. 

Vegetative cells not killed at 70°C. for 10 minutes 
i Spores survive half an hour at boiling temperature 

; Strict aerobe 

Source : Isolated from diseased tomato fruits 

Habitat : Not studied 

I Bacterial soft rot of tomato has previously been recorded by Brierley 

! [1928] as caused b^^ artificial infection with B. phytophthoms and B. aroideae^ 

I , now named Erwinia phytopJithora Appel, and Erwinia aroideae Townsend, 

and classed in Eyiti'obacteriaceae Rahn [Bergey 1939]. Brown [1926] has 
reported the production of stem-end and centre rot of tomato by artificial 
infection with six different non-sporing bacteria, viz. J5acL malvaceamm 
EPS., Bact. marginale ^Town, BacL campestreEiFS,, Bact. tumefaciens Smith 
and Townsend ; Bact savastanoi EPS., and Bact. vmdilividum Brown. Both 
the workers, however, failed to produce the disease with any spore forming 
organism. 

Pathogenesis 

Having established that the spore forming organism isolated by us was 
capable of causing soft rot in healthy fruits, it was considered desirable to try 
infection trials on fruits actually borne on the plants. 

The first trial was made at the end of January when fruits on two plants 
grown in pots were infected with the causative organisms with gentle needle 
pricks. No signs of the disease appeared even after three weeks. The trials 
were repeated in June when the organism successfully produced the infection 
which appeared in the form of brownish lesions after tw(f days. These lesions 
became dark browm and wrinkled after five days. 

This established the fact that the organism is a positive parasite but 
that it works only in the summer season when the surrounding temperature is 
high. 

Note i 

It is generally believed that spore bearing bacteria do not cause plant diseases. In 
view of this the culture of the causative organism in this case was subjected to the fol- 
lowing treatments to ensure its purity: 

Repeated platings and reisolations of the culture were done. Two loopfuls of this 
selected sporing culture were inoculated in 10 c.c. of sterile water contained in a test tube. 
The inoculum was dispersed by gently rotating the tube in the palms of hands. Every 
precaution was taken both during inoculation and shaking of the inoculum to avoid 
contaminating the empty portion of the tube. 

The inoculated tube was immersed in water- bath up to the plugged portion and the 
water brought to boil. After 10 minutes exposure at boiling temperature the culture 
was plated on nutrient agar and the organism reisolated from a characteristic plate colony. 
This culture when used for infection trials was found to be as virulent as the mother cul- 
ture tried before. It developed spores on keeping. 
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The presence of any non-spor© forming organism in this culture cannot be suspect- 
ed after such a drastic heat treatment. This establishes the fact that the causal 
organism in this case is a spore forming bacillus. 

CONTEOL 

No attempts were made to study control measures that would check the 
progress of the disease because the pathogen is so virulent and the fruit so 
perishable that there is very little chance of recovery. The fruit once infected 
shows signs of the rot in two days and is totally mashed up within six days. 
Since the disease is only found on the fruit and on no other part of the plant, 
it is likely that the infection occurs in wounds caused by insects. 


SXTMMAEY 

A soft rot of tomato fruits caused by a spore forming organism has been 
recorded. The disease appears in the form of an underskin rot which spreads 
rapidly and in four to six days the fruit is pulpy and mashed up. Morphologi- 
cal and cultural characteristics of the causative organism have been studied. 
The organism is a virulent pathogen and works best at high temperatures, 
viz. 98°-104°I\ 
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O NE of the main problems that confronts the agricultural chemist is 
the estimation of the requirements of a given soil for specific plant food 
materials. For various reasons even the most modern methods adopted for ^ 

soil analyses fail to give in many cases the requisite information. Hence, 
from time to time, attempts have been made to attack the problem indirectly, 
and use the living plant as an anatytical agent [Neubanei-, 1925 ; Hardy, 

Hansehell and Amoroso-Centend, 1938]. The method consists in taking a 
particular plairt and growing it on a given soil under controlled conditions, and 
then determine in its ash content the proportions of various mineral consti- 
tuents including such plant food materials as nitrogen, potash and phosphoric 
acid. Any deviations from the normal in these proportions may then be taken 
as indicating deficiency or e.xeess of the same constituent in the soil, and 
therefore, the need or otherwise of specific manuring in that direction. From 
this point of view, a number of investigations on the availability of phosphate . 

in bari soil (alkaline soil) under controlled conditions have been carried out ' ^ 

and the results are reported in this paper. 

It has been stated elsewhere [Singhi. and Nijhawan, 1932] that the infertility 
of bari soil is mainly due to a deficiency of exchangeable calcium, which 
can be made good with the help of soluble calcium salts. It has also been 
observed [Singh and Nijhawan, 1936] that the physical properties ot bari 
soil adverse to plant growth are greatly modified when the exchangeable 
calcium of the soil attains a value of 5-0 m.e. or more. Therefore, the low 
yields of wheat grain in the data aheady reported and reproduced below 
(Table I) for the sake of convenience could not .be ascribed to either a deficiency ; 

of exchangeable calcium or any adverse physical conditions, but due to lack 4 

of some important plant food material. ' 


Table I 

Field of wheat in lb. from plots treated with calcium salts 



1 ■■ - 

1 1029-30 

[ 1930-31 1 

1931-32 

1932-33 

1 1033-34 ■ 

' ■ ■ d'.' 


Grain 

Straw' ^ 

Grain 

Straw 

Grain 

Straw 

Grain 

Straw 

i 

j Grain 

Straw 

Calcium chloride at two 
tons per acre from 1027-30 

288 

699 

! ■ : 

' 767 

1206 

1160 

1975 

1438 

2178 

i 

1439 

3000 

(lypsum at two tons per j 
acre flroin 1927-30 

226 

411 

267 

417 

769 

1327 

1 1726 

2589 

'1336 

2734 
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Farmyard manure was applied in the year 1930 for the first time at 
^ the rate of 16' tons per acre. 

From the above data it will be seen that with the application of farm- 
yard manure in 1930, there was a sudden increase in the yield of wheat crop, 
amounting to almost double of what was obtained in 1929. Subsequent appli- 
> cations of manure further improved the yields and a maximum w^as attained 

in 1932-33. The ratio of straw to grain decreased with the applications of 
farmyard manure, and it occurred to the authors that increased yields of grain 
might be due to an increased availability of phosphates rather than nitrogen. 
Breazeale and McGeorge [1932] observed that due to a deficiency of carbon 
dioxide in the calcareous soils nutritional disorders set in, and that an addi- 
tion of manure to the black alkali soil evolved carbon dioxide wdiich rendered 
" more phosphate available to the crop. Therefore, in order to find out whether 

the application of calcium salts employed in the process of reclamation of 
bari soil wdth and without the addition of farmyard manure affected the avail- 
ability of phosphoric acid, the following experiments in pots were arranged : 

Expeeiment No. 1 

The experiment was carried out on bari soil from the Montgomery Agricul- 
tural Station where the field experiments referred to above had been in progress 
for a number of years. A composite sample of the soil on analysis gave the 
following results (Table II) : 

Table II 

Analysis of ' bari ’ soil 
4 (Per cent on air-dry soil) 


Clay 


Silt 

I Mechanical analysis 

Fine sand 

Coarse sand 

Kankar 

20*16 


37*23 

41*11 

0*72 

0*35 




II Chemical analysts 



Insoluble 

residue 

78*85 

Soluble FeaOa 
silica 

0*11 4*93 

AlaOa 

8*54 

CaO MgO PjOj KijiO 

3 -OS 1*45 0*25 1*16 

NaaO Organic 
matter 

0*87 0*28 

Nitrogen 

0«03 


Phosphorus 

(PaO*) 

0*10 


III Available analysis 

Potassium 

(K,0) 

0*09 



IV Exchangeable bases (MiHigram-equivarlents) 



Calcium as Cs 

Magnesium as Mg Sodium as Xa 

Potassium as K 

1*53 


1*30 

9*39 

1*05 



From the finely powdered and properly mixed bulk sample 12,000 gm. of 
the soil were put in each pot. Thus, altogether 12 pots were prepared, each 
treatment being given in duplicate. After thoroughly leaching the soil to 
remove its excess of soluble salts, the following treatments were given : 
Treatments 

I. Calcium chloride with and without farmyard 

manure . . . . . . . 6 66 gm. per pot 

II. Gypsum with and without F, Y. M. (calculated 

on basis of calcium in CaClg) . . , 10*32 gm, per pot 

III. Normal soil with and without F. Y. M. 


m 
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I’arniyard manure was added at tke rate of 15 tons per acre. Before 

sowing wheat soil samples were obtained, and available pbospborns dctei mined 
in them by Dyer’s citric acid method [1894] and Das’ potassium carbonate 
method [1926]. The results of analysis are reported in Table III. 

Table III 


Availability of phosphates with citric add and potassium carbonate methods 


Description 

Name of method 

P 3 O 5 as per- 
centage on air- 
dry soil 

1 Bari soil untreated 

(a) Citric acid. 

0a234 


( 6 ) K,CO, .... 

0-0013 

2 Bari soil treated with calcium 

(a) Citric acid 

0-1252 

chloride .... 

( 6 ) K 2 CO 3 .... 

0-0018 

3 Bari soil treated with calcium 

(a) Citric acid 

0-1399 

chloride and farmyard manure 

( 6 ) KjCO, . ... 

0-0061 

4 Normal soil .... 

(a) Citric acid 

0 -0345 


( 6 ) K^CO, .... 

0 -0014 


From the data presented in Table III it will be seen that by both the 
methods the bari soil appeared to be rich in available phosphorus, which is 
even more than that in the normal soil. On treatment with calcium salts 
and farmyard manure the phosphate content increased sligl\tly. Similar 
results were obtained with potassium carbonate method as in the case of 
citric acid. Thus, it will be observed that according to chemical methods of 
soil analysis the bari soil does not appear to be deficient in available P 2 O 5 J 
but on the other hand, the phosphate content by Dyer’s method is as high as 
hydrochloric acid-soluble phosphate present in some of the fertile soils of 
the Punjab. For the sake of comparison the results of acid-soluble P 2 O 5 
from some of the good soils in the Punjab are given in Table IV. 

Table IV 


Total and available phosphates in Punjab soils 

(Percentage on air-dry soil) 

(PA) 


Description 

Hydrochloric 

acid-soluble 

Citric acid- 
soluble 

1 Bari soil . , . . . . 

0 '256 

0*100 

'2 Lyallpur (Agricultural Farm) 

0*196 

0 *054 

3 Gujranwala (Kala Shah Kaku) . . 

0*174 

0*059 

4 Kaugra (Baijnath) . , . . 

0*079 

0*029 

5 Montgomery . . .... 

0 *263 

0*063 

6 Rohtak . . . 

0*118 

0-029 


Hy<^ochlorio acid-soluble as well as citric acid-soluble phosphorus is 
greater in the bari soil than in the normal soils. These results clearly show 
that the chemical methods of soil analysis in the case of alkaline soil do not 
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giv© a true indication of the availability of phosphorus, but give abiiornially 
high values. On maturity the entire wheat crop was removed, dried, weighed, 
ashed and analysed for various mineral constituents according to tentative 
and official methods of the Association of Official Agricultural Chemists. 
The results are reported in Table V. 

Table V 

Crop analysis : yield and composition of wheat crop affected by calcium salts 

and F. Y, M, 


Treatments 

Iron 

Calcium 

Magnesium 

Phosphate 

l^otassium 

Yield per 


1 CgOa 

CaO 

MgO 

PaOs 


pot 

I Set— 







Calcium cliloride 

0-1697 

1*99 

0*280 

0*0911 

1*84 

1,0*3 

Gypsum .... 

0*0800 

1*77 

0*390 

0* 1359 

1 • 90 

68*4 

Normal soil 

0-0893 

0*04 

1 0*385 

^ 0*2069 ^ 

' 2*66 

10*36 

11 Set - 1 

i 






Calcium chloride and 1 

0*1699 

0*83 ; 

0-235 

0*6037 

:i *78 

17*7 

F. y. M. ^ 

Gypsum and F. Y, M. 

0*1954 

. 0 • 57 

1 ‘ 0*285 

0*3503 

1 • 38 

14-3 

Normal soil and F. Y. M. . 

0*2194 

i 0*47 

0*296 , 

0*4817 i 

2*59 

11*2 


A reference to Table V shows that in the first set, where chemicals alone 
are employed, the amount of PgOg removed in the case of soil treated with 
calcium salts is much less than in the case of normal soil. The amount of K 
and Mg removed is also less, but the variation is not of the same order. On 
the other hand, the amount of Ca removed is much greater than that of the 
normal soil. In the second set, with the addition of P. Y. M., the amount 
of PjjOg removed in all cases is much greater than in the first set, the per- 
centage increase being greater in the case of soils treated with calcium salts. 
The same is the case with iron which also records a great increase with the 
addition of F. Y. M. Calcium, on the other hand, shows a tremendous decrease, 
while Mg and E only record a slight decrease. These results also show that 
the crop removed from calcium chloride-treated soil contains greater amount 
of P 2 O 5 and calcium than that removed from gypsum-treated soil. These 
findings are in accordance with the yield data which are greater in case of 
calcium chloride pots than those treated with gypsum. 

Experiment No. 2 

The results from the first experiment suggested that the uptake of calcium 
and phosphates, and more especially the latter as revealed by the crop analyses, 
depended on the nature of calcium salts used in the reclamation process. 
The lower yield in case of gypsum when F. Y. M, is added may be due to less 
availability of phosphorus for the growth of plants. Gypsum being a com- 
paratively cheap chemical is likely to find more use for the reclamation of 
soil, and it seemed necessary that its effect on the availability of phosphorus 
which appeared to operate as a limiting factor in the crop production in this 
type of soil, should be investigated. With this end in view, a pot experiment 
was arranged and both the calcium salts were added in increasing doses. 
Calcium chloride was added at the rate of 0*5, 1-0, 2*0, 4*5, and 7*5 tons 
per acre and gypsum was added in equivalent amounts. Farmyard manure 
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was added in each, pot at the rate of 15 tons per acre. Each treatment was 
arranged in duplicate, and wheat crop sown. The ash anatyses of the crop 
removed from these pots, are given in Table VI. 


Table VI 

Gfop analysis : composition and yield of wheat crop affected by varying doses 

of calcium salts 



Iroif 

C!alciiim 

Magnesium 

Pliospiiate 

iPotassiiim 

Nitrogen 

Yield in 

Treatments 

Fe.O, 

CaO 

MgO 

ILOs 

i X gO 

N 

gm. per 

IJOt 

3 Calciu,m chloride at i ton per 

0*2277 

0*4686 

0*3535 

0*5217 

. 2*65 


5*S 

acre 

2 Gypsnni. at 0’77 ton per acre 

0*1294 

0*3623 

0*3451 

0 • 3036 

1*75 


5 ‘ 6 - 

S Cakiiini chloride at 1 ton per 

0*2014 

0*5116 

0*2877 

0-628S 

2*39 

1*47 

7*2 

acre 

4 Gj'iis'um.at 1*55 ton, per acre 


0*2970 

0*3964 

()*5345 

2*33 

1*39 

3*0 

5 Calcium chloride at 2 tons per 

0*3023 

0*4069 

0*3284 

0*5967 

2*95 

•1*33 

7*3 

acre 

6 Gjiisiim at 3*1 tons per acre 

0*3895 ,i 

0*4512 

I 

0*3623 1 

0*5662 

^ 3*16 1 

r 1 

1*36 

5*3 

7 Calcium chloride at 4*5 tons 

0*3134 1 

0-6347 

0*3814 1 

0*7097 

■3*74 j 


6*4 

per acre 

8 Gypsum at 7 • 5 tons per acre 

0*3039 

0*3868 

0*2681 1 

,0*'5416 

2*32 ! 

1*36 

7*6 

» Calcium chloride at 7*5 tons 

I ' 0*2321 

0*5371 

0*2559 1 

0*6580 

2*77 : 

1 • 39 

8*5 

per acre 

10 Gypsum at 11*66 tons per 

0*2633 

0*6096 

0*3741 1 

0*5429 

2*78 ' 

1*33 

8*1 

acre 



■ 






Up to a certain level which is attained when gypsum and calcium chloride 
are applied at the rate of 3- l and 4*5 tons per acre respectively, there is an 
increase in the mineral matter of all the ingredients with increasing doses of 
calcium salts, but after that level further increase in the doses of calcium 
salts briiifif about generally a decrease in the mineral matter removed. 
Further, it is observed, that more calcium and PgOg is removed by plants 
grown in the calcium chloride-treated soil than from the gypsum-treated soil, 
but the increase is more marked in the case of P 2 O 5 than in the case of calcium. 
Maximum amount of P 2 O 5 removed was 0-7097 per cent by plants grown on 
calcium chloride-treated soil, while the maximum amount removed by the 
plants from' the gypsum-treated soil was only 0 • 5662 per cent.- These- results 
again show that the treatment of bari soil with calcium salts renders more 
P. 2 O 5 available, the increase in the case of calcium chloride being greater than 
in the case of gypsum. Total nitrogen was also determined in the crop, but 
the results do not show’’ any effect of the chemicals on the amount of nitrogen 
removed', 'by .'the/ crop., ; 

■'^'■.'Expebimek't-. 

Wliile studying the effect of different cations saturating the soil exchange 
complex on the physical properties of bari soil, the authors [1936] observed 
that such soils were able to support a crop of wheat if sodium of the exchange 
complex was replaced by magnesium, manganese or potassium. The soil 
in its original condition contains 3* 08 per cent of calcium oxide which is 
almost entirely present as calcium carbonate, and if this calcium could be 
made to react with the soil, it will replace sodium from the exchange complex 
and thus bring about an improvement of the soil. While preparing ammonium 
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clays by leacMng the soil with ammonium salt solutions the authors [1936] 
observed that only half the sodium was replaced with ammonium ionsj the 
remaining half being replaced by calcium ions. The reason appeared to be 
that calcium carbonate is soluble in ammonium salts, and in that manner is 
able to react with the sodium of the exchange complex. Similarly, calcium 
carbonate can be rendered soluble by treating the soil with acids thereby 
utilizing calcium for the exchange reaction. In order to determine the effect 
of other salts and acid treatment tried in the reclamation of bari soil on the 
availability of phosphate in this soil, an experiment with the following treat- 
ments was arranged : 

1 Calcium chloride at 4-o tons per acre with and without farmyard 

manure 

2 Magnesium nitrate with and without farmyard manure 

3 Manganese chloride with and without farmyard manure 

4 Potassium, nitrate with and without farmyard manure 

5 Ammonium sulphate at 820 lb. per acre with and without farmyard 

manure 

6 Hydrochloric acid just sufficient to liberate 0*1 per cent of calcium 

with and without farmyard manure. 

Magnesium nitrate, manganese chloride and potassium nitrate were added 
in equivalent amount to calcium chloride at the rate of 4*5 tons per acre. 
The pots filled with 12,000 gm. of the soil were flooded and washed to remove 
the excess of water-soluble salts. After the treatments the pots were left 
over for a period of five months during which interval they were occasionally 
watered and stirred. Farmyard manure was added at the end of this period 
and crop sowm a fortnight later. Results of crop analyses and yield data aie 
given in Table VII. 

Table VII 


Crop analysis: composition and yield of wheat crop as affected by treatment with 
various salts {with and withoui F,Y»M,) 


rreatnienl> 

Iron 

FesOn 

Calcium 

OaO 

Magnesium Phosi)liate> 
MgO- i PjOs 

,i Potassium 
K,0 

Xitrogen 
: N 

1 

' Irield in 
gm. 

per pot 

1 Calcium chloride without 
F. Y. M, 

0-445: 

0-486 

1 0-241 

1 0-102 

j 1‘012 

1 • 39 

3-4 

6* 9 

2 Calcium chloride with F. r.M. 

i 0-338 

0 - 402 

0-242 

0-2S2 

i 0*544 

3 Magnesium nitrate without ■ 
F. Y. m:. 

0-398 

0 • .529 

0*595 

0-167 

! 2*112 

!■ 

1 

4-4 

4 Magnesium Nitrate with • 

F. Y. M. 

[ 0-347 : 

0-408 

0-627 

0-280 

1*832 

1 

1 

6-1(1 

0 Manganese chloride without ^ 
, , F.Y". M. ' 

i 0-360 

i 

0-604 

0*319 

0-164 

1 ; no 

1 

2-3 

6 Manganese chloride with 
/' F, Y. M. 

0-380 

0-650 

0-391 

0-548 ; 

2*707 , 


6-0 

7 Ammonium sulphate at 10 
md. per acre without F. 
Y.M. '■ 

0-296 

0-6.59 

0-316 , 

i 

0-191 

1*579 ! 

1-73 

' 3-9 

8 Ammonium sulphate at 10 
md. per acre with F. Y, M. 

0-232 

0-441 

0-310 

0-405 

' 2*S49 

1 * <>2 

sn. ' 

9 Potassium nitrate without 
. F. Y. M. ■ 

0 - S68 

1-340 

0-4S4 

0-259 

13-630 

... 

■ 1-4 ■ 

1 0 Potassium nitrate with 
F. Y. M. : . 

0-620 

0-764 

i 

0-362 

0*340 

5-260 

... 

3 - 5 

11 Hydrochloric acid without 
" F. Y.M.. 

0-207 

0-609 j 

i 

0-320 

0-209 

1-545 ■ 


4-s' ■' 

12 Hydrochloric acid with 
F. Y. M.„. ... 

' 0-201 

L 0-388 j 
i 

0-321 

0*296 j 
1 

1-813 

1-42 

,8-3, 
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The ro.»lfa cbtoined Aow that of Swarf 

yield! Ktoogen remo ved by the crop from the oUhe 

sulphat^tom w^^^ohbtedly ^nmonimn sulphate'and potas-' 

EtSsr srs‘SK/x s;icrh"«~: 

Wirihe application of farmyard nramrre though ,<*' «X?Sfe 

iTi the crop increased yet there was a decrease m all othei mineiaL, 

decrease being more in the case of iron and 

sliffhtlv decreased or remained more or less constant. Ihe behaviour _ ^ 
Dotassium was however different. Potassium in the crop removed from the 
Dots treated with calcium, magnesium and potassium salts showed a decrease, 
but that removed from the pots treated with manganese ohloncle, ammonium 
sulphate and hydrochloric acid showed a f ® 

more in the crop got from the pots treated with the first two salts than those 

^’^^“reSi^ l-ger amount of the salt wMi which the 

soil is trLted, except in the case of soil treated with calcium salts 
ammint of caloium removed was more or less the same or e^en less than that 
removed by the crops grown in the soil treated with other salts. Potassium 
was removed in very large quantities (13-630 per cent), bu^ts 
decreased (5-24) when farmyard manure was added in addition to the potas- 
sium salt. Thus, the luxury consumption of potassium manures can be greatly 
decreased by the addition of farmyard manure. 

Conclusions 

1. Chemical methods do not give correct information regarding the avail- 
ability of phosphorus in alkaline calcareous soils. Acidic extracting agent 
like citric acid used in Dyer’s method yields large amount of phosphate. 
Phosphate thus found is much higher than usually found in calcareous soils. 

2 Phosphate removed bv wheat crop from an alkahne soil reclaimed by 
the application of calcium salts is much less than by the crop grown on a normal 

3. Application of farmyard manure to ^uch a soil, increases the absorption 
of phosphate by the crop, which becomes as high as in a crop raised on a 

no™^^l,^Qp j,gjQOved from a calcium chloride-treated soil contains more 
phosphorus and calcium than the crop grown on a gypsum-treated soil. 

5. With increasing doses of calcium salts, there is an increase in the amount 
of phosphate removed by the crop, increase being more in the case of calcium 
chloride-treated soil than in the case of gj'psum-treated one. Maximum 
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amoxint of phosphate rcBioved by the crop from the soil treated with calcium 
chloride and gypsimi. was 0*7097 and 0*5662 per cent respectively. 

6. Salts other than calcium which may be used for the reclamation of 
alkaline soils increase the amount of phosphates removed by the crop, but 
its quantity is much less than that found in a normal wheat crop. On the 
other hand, application of farmyard manure in addition to these treatments 
brings about a great increase in the phosphorus content of the crop. 

7. Application of nitrogenous fertilizers does not increase the yield, 
but when farmyard manure is also added, the yields are doubled. Applica- 
tion of farmyard manure, however, does not increase the nitrogen content 
of the crop. 

8. The nature of cations in the exchange complex affects the availability 
of phosphorus. A calcium soil possesses less available pliosphorus than 
soils containing other cations. 

9. Plants remove in larger amounts the cation with which the soil complex 
is saturated, excepting calcium, which is removed more or less in the same 
quantity as from a soil saturated with other cations. Potassium is removed 
in much larger quantity as compared to other cations. 

10. With the application of farmyard manure though there is increase in 
the amount of phosphate removed there is a decrease in other minerals such 
as calcium, magnesium and iron. 

11. When farmyard manure is added to soils treated with salts of potas- 
sium, magnesium and calcium, the potassium removed by the crop from these 
soils decreases. 

12. In the case of alkaline calcareous soils crop analyses give better 
indication of the availability of minerals, especially phosphorus. 

Summary 

The results corroborate the findings of other workers that the chemical 
methods of analyses do not give correct information regarding the availability 
of phosphates in alkaline calcareous soils. Crop analyses give better results. 

The availability of phosphates and other minerals as affected by the 
different salts with and without F. Y. M. in the reclamation of bari soil has 
also been investigated. 

With the application of calcium chloride the availability of phosphorus 
in the presence of farmyard manure is increased. 
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fractionation of soil phosphorus 
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I N the work reported previously [Ghani, 1942], JV'/2 acetic acid, 
sodium hydroxide and 2N sulphuric acid were used as extractants in a 
method of fractionation of soil phosphorus and the conditions of extraction 
were critically examined. The inorganic phosphorus fractions dissolved by 
acetic acid, sodium hydroxide and sulphuric acid in succession were tentatively 
supposed to be non-apatitic calcium phosphates, iron and aluminium phos- 
phates and apatite phosphates respectively. But before any hard and fast 
conclusion can be drawn regarding the chemical nature of the different frac- 
tions it is necessary that the solubility of known phosphorus compounds in 
these solvents should be known and the solubility determinations should be 
made under the same conditions as are adopted in the fractionation. Until 
accurate and independent methods for the determination of the individual 
phosphorus fractions in soil are known this mode of attack will remain to be 
the only way in deciding the point in question. 

Solubility study ob nroBOANio phosfhoeus compounds 

Many attempts have been made in the past to deduce the probable nature 
of the acid and alkali soluble phosphates of soil by studying the solubility 
of common phosphatic materials in different solvents and in solutions having 
different pE values. Fraps [1911] found that ammonia dissolved phosphoric 
acid from phosphates of iron and aluminium more readily than from phos- 
phates of lime. He believed that ammonia extracted, from soil the organic 
phosphorus and iron and aluminium phosphates. Gaarder [1930] studied 
the solubility of iron, aluminium, calcium and magnesium phosphates in solu- 
tions of various pH values. He found that ferric phosphate had its point of 
minimum solubility near pH 2. With still more acid conditions there was 
complete solubility while a change towards the alkaline side resulted in the 
hydrolysis of iron phosphates. Aluminium phosphate reacted in much the 
same way, the point of minimum solubility being at about pH 4. Calcium 
phosphate was precipitated between pH 6 and pH 7 and did not hydrolyse 
at higher pH values. The work of McGeorge [1935] also showed a similar 
relation between pH and solubility. 

Williams [1937] found that the mineral calcium phosphates had a very 
low solubility and the iron and aluminium phosphate minerals a high solubility 
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in 5 per cent sodium hydroxide. Dean [1938] got similar results with both 
sodium hydroxide and sodium carbonate. Both the authors extracted the 
materials by digesting at 100 *^ 0 . 

Experimental 

The solubility of mono-, di- and tricalcium phosphates, apatite, ferric 
phosphate (basic and normal) and aluminium phosphate each in NI2 acetic 
acid, Ni'4. sodium hydroxide and 2N sulphuric acid "were determined. The 
extractions were done by shaking 10 mg. of the substance at room temperature 
for two hours in a mechanical shaker with appropriate volume of each of the 
solvents. Phosphorus determinations in the extracts were made by the 
colorimetric method of Deniges as improved by Truog and Meyer [1929]. 
The results showing the solubility in mg. PoO-^ as well as in per cent of the total 
P 2 O 5 appear in Table I. " ^ 


Table I 


Solubilities of known phosphorus compounds in acetic acid, sodium hydroxide 

and sulphuric acid 


Substances 

Calcium 

phosphate 

(monobasic) 

1 

Calcium 

phosphate 

(dibasic) 

Calcium 

phosphate 

(tribasic) 

Apatite 

1 Iron 
phosphate 
: (normal) 

Iron 

phosphate 

(basic) 

Alumi- 

nium 

phosphate 

Mg. P 2 O 5 taken (10 Mg. subs- 
tance) 

5-63 

4-61 

4*58 

3*80 

: ■ 4*77 

2*00 

5*82 

Mg. P 2 O 5 sol. in acetic acid (250 
c.c.) 

5*62 

4*61 

4-22 

2*40 

0*3() 

0-24 

2*8 

Per cent PaOa soluble . 

100 

100 , 

92 

63 

' ' 6 1 

12 1 

48 

Mg. PaOa sol. in N/4N«0H 
(500 c.c.) 

4-00 

1-32 

0*12 1 

i 

Trace 

4-0 

^ 1 

1-6 

3*8 

Per cent PgOs soluble , 

71 , 

29 1 

^ i 


84 1 

80 

65 

Mg. PjOfl sol. in 2.N H 2 SO* | 
(250 c.c.) 

5»74 

4*60 

4*60 

3*40 

3*90 

2 •00 

4*40 

Per cent PaOs soluble . . j 

100 

100 

100 i 

90 

, 

82 

100 I 

76 


In N 12 acetic acid both mono- and dicalcium phosphates are completely 
soluble w^iiile tricalcium phosphate is slightly less soluble. About tw^o-third 
of the apatite phosphorus has been dissolved in it. This high solubility of 
apatite phosphorus in dilute acetic acid may be due to the fact that the apatite 
minerals usually contain some soluble tricalcium phosphate. This is more 
probable because the residual phosphorus in the sample was sparingly soluble 
in Nj2 acetic acid, and could not be dissolved by repeating the extraction 
several times. Solubility of the two iron phosphates is extremely low in 
acetic acid ; it comes to about 0 -1 mg. P 2 O 5 per 100 c.c. of the solvent used. 
Aluminium phosphate is, on the other hand, more soluble than iron phos- 
phates. Gaarder [1930] pointed out that the minimum solubility of alumi- 
nium phosphate was at a of 4 but the pH of the acetic acid used here was 
near about 3 and hence latter may dissolve more of the phosphates. But 
again McGeorge [1935] comparing the solubility of iron and aluminium phos- 
phates found that 4 was not the optimum pH for aluminium phosphate and 
that it was much more soluble than iron phosphate at that pH. On the whole 
it would thus seem that acetic acid will extract from soil mainly mono- and 
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dicalciuni phospliates and non-apatitic tricalcinm phospliates whereas other 
types of soil phosphorus would mostly remain in the residue. Even if any 
other phosphorus compound such as aluminium phosphate he dissolved, the 
amount would he comparatively small. 

It is further seen that the solubility of the monobasic calcium phosphate 
is about 71 per cent in sodium hydroxide and that it rapidly falls off as the 
basicity of the substance increases. Ultimately the solubility is almost nil 
in the case of the mineral. On the other hand, the phosphates of iron and 
aluminium are highly soluble though the aluminium compound is compara- 
tively less soluble. This would show that if the alkali extraction of the soil 
is done after an acetic acid extraction, the alkali will dissolve iron and alu- 
minium phosphates only (besides organic phosphorus). This is because 
mono-, di- and tricalcium phosphates had already been removed from the soil 
by the acid pretreatment and apatite phosphorus is insoluble in alkali. In 
2N sulphuric acid all the substances except aluminium phosphate are highly 
soluble. The solubility of apatite is about 90 per cent and it may be assumed 
that the phosphates of apatite nature that remain unaffected by the previous 
acid and alkali extractions would be dissolved by 2N sulphuric acid in the last 
treatment. The descending order of solubility of the calcium phosphates with 
increasing alkalinity or decreasing acidity shows the completely differrent 
behaviour of iron and aluminium phosphates. They first decrease reaching 
a minimum and then increase with increase in 

From what has been said above it would seem that alternate extraction 
with acetic acid, sodium hydroxide and sulphuric acid may be made a reason- 
able basis for the fractionation of the soil phosphorus into groups of known 
substances. To test the point further, mixtures of soil and known phos- 
phorus compounds were fractionated by the method already described by one 
of the authors [Ghana, 1942], Such a fractionation will show the extent of 
recovery of the various substances added and the fractions in which they are 
recovered and would therefore give valuable information regarding the validity 
of fractionation. 

Fractionation of mixtures of soil and known fhosphatic gompounds 
Two soils were selected one of which was nearly neutral in reaction 
7*3) and the other highly acid {^H 4 ‘5). If there be any subsidiary 
reaction between the added phosphorus and the other soil constituents, it 
would be reflected in the behaviour of the two soils having different pH. 

One gram samples of the two soils were thoroughly mixed with 10 mg. 
of the following substances : mono-, di- and tricalcium phosphates, apatite, 
ferric phosphate and aluminium phosphate. The mixtures were moistened 
with water to cause more intimate mixing of the substance and the soil, air 
dried after a few hours and then fractionated. A control sample without 
any phosphatic material in it was similarly treated and fractionated exactly 
in the same way. The results of the fractionation are shown in Table II. 

The column " added P 2 O 5 recovered ’ has been obtained by subtracting 
the total of the control from the sum of the three fractions determined in the 
mixtures. , 

Taking into consideration the inevitable errors in adding up so many 
fractions, it appears that the recovery of the added phosphorus is almost 100 
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per cent in all the mixtures excepting the one containing aluminium phos- 
phate. This is true for both the soils. Aluminium phosphate behaves rather 
abnormally as the whole of its phosphorus cannot be accounted for by the three 
fractions. By a reference to Table I it is seen that its solubility in sodium 
hydroxide as well as in sulphuric acid is much lower than that of the other 
substances, which means that a part of its phosphorus is present in a highly 
insoluble form. If, however, the recovery is expressed as per cent of the 
soluble phosphorus added, instead cf the total phosphorus added, it amounts to 
about 92 and 97 per cent in the two soils. 

Table II 

Fractionation of a mixture of soil and various inorganic phosphorus compounds 


Substance mixed witii soil 

r aOe 
added 
(mg.) 

Acetic : Aik. sol. 
acid sol. iiiorg. 

P.,05 PaOt 

(mg.) (mg.) 

Sulphuric 
acid sol. 
l\0, 
(mg.) 

j Total 
! .PsOs 
i dissolved 
! (mg.) 

Added 

recovered 

(mg.) 

Per cent ! 

P jOs 

recovered 

No substance 

Soil — Jes 

nil f 1*16^ 

sore, pH 7 • 3 

1 0*29 1 0‘52 j 1*97 


Calcium phosphate (monobasic) 

6*68 1 6*40 

j 0*56 ; O’bO 

7-46 

5*49 

■98 

Calcium phosphate (dibasic) . 

4* 61 ! 5*44 

0*56 j 0-50 

6-5 

4*53 

98 

Calcium phosphate (tribasic) . 

4-58 j 5*25 

0*64 

0-63 

6-52 

4*55 , 

99 

Apatite .... 

3-80 

2-69 

0-69 

2-40 

5-78 

3*81 

100 

Iron phosphate (normal) 

4-77 

1*58 

4*00 

1-00 

6*58 

4*61 

97 ' ■ ' 1, 

t 

Alimiiimim phosphate . 

CO 

3*60 

0-00 

1‘44 

5-94 

3*97 1 , m 

No substance 

Soil — ^Karir 

nil j 0 ' 01 

aganj, ^ 
0-18 

H4-5 

o-os 

0*27 


J 

Calcium phosphate (monobasic) 

5*63 

5-37 

0-72 0-18 

6-27 

6*00 

100 

Calcium phosphate (dibasic) , 

4-61 

4-54 

0*64 

0*16 

5*34 

5*07 

100 1 

Calcium phosphate (tribasic) . 

4*58 

4-00 

0-64 

0-17 

4-81 

4*54 

99 " 

Apatite . . . 

3*80 

2*06 

0-56 

1-50 

4*12 

3-85 

100 

Iron phosphate (normal) . j 

4*77 

0*34 

3*36 

0-72 

4*42 

4*16 

87 ' .1 

Aluminium phosphate . . I 

5 •82 

i»8e 

2*40 

0*40 

4*66 

4*39 

75 1 


Apportionment of the added phosphorus in various fractions 

Percentage recovery of the added phosphorus in the different fractions is 
shown in Table III from which it will be seen that about 93 per cent of added 
mono-, di- and tricalcium phosphates have been recovered along with the 
acetic acid soluble fraction of the soil phosphorus. The major part of the 
apatite phosphorus has distributed itself in the strong acid soluble fraction. 
If, as pointed out before, the high acetic acid solubility of apatite phosphorus 
is ascribed to the presence of tricalcium phosphate and allowance made for it 
then the recovery of the apatite phosphorus in sulphuric acid comes to about 
83 per cent. Ferric phosphate, on the other hand, has been recovered mostly 
with the alkali soluble fraction of the soil phosphorus. As before, aluminium 
phosphate does not give agreeable results. The above observation apply 
equally well to both the soils. The percentage recovery of the various subs- 
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tances in the fractionation is nearly the same as the percentage solubility in 
the solvents used. 

Table III 


Stibsfcaacc 


P,0. 

added 

PaOa re- 
covered by 
acetic acid 
soln. 

PoOa re- 
covered by 
XaOH soln. 

l\On re- 
covered by 
HaSOa soln. 


Jessore 

soil. 




Honocalcium phosphate 

Mg. recovered 

5' 

.5*24 

' 0*27 



Per cent recovered 

... 

93 

5 


Dicalcium phosphate . 

Mg. recovered 

4-61 

4*28 

0*27 

. 


Per cent recovered 


93 

6 


Tricalciuin phosphate . . 

Mg. recovered 

4 -58 ■ 

4*09 

0*35 

0*11 


Per cent recovered 


89 

8 

2 

Apatite 

Mg. recovered 

3*80 

1 * 53 

0*40 

1*88 


Per cent recovered 


40 

11 

49 

ren'ic phosphate 

Mg. recovered 

4*77 

0*42 

3*71 

0*48 


Per cent recovered 


i) 

78 

10 

Aluminiiim phosphate . • • 

Mg. recovered 

5*82 

\ ■ 2*44 

0*91 

0*92 


Per cent recovered j 


42 

to 

16 

■m 

Karimganj soil 




Monocaicium phosphate , . 

Mg. recovered 

5*63 

1 5*. 36 

0*54 , ■' ' 

0‘10 


; Pet cent recovered 


95 

10 

2 

Dicalciuin phosphate . 

’ Mg. recovered 

4*61 

! 4-53 

0*46 

0*10 


; Per cent recovered 


!■ 98 

10 

2 

Tricalciiim piiosphate . 

1 Mg. recovered 

4*58 : 

3*99 

0*46 

0*09 


1 Per cent recovered 


i 87 

i 10 

2 

Apatite . . - • 

1 Mg. recovered 

3*80 

i 2*05 

0*38, ; 

1*42 


Per cent recovered 


54 

5 10 

37 

Ferric phosphate . . . 

Mg. recovered 

4*77 

1 ()*33 

3*18 1 

1 0*64 

1 


Per cent recovered 

... 

7 

67 

i 13 

Aluininiimi phosphate . . . 

Mg. recovered 

. 5*82 

1*85 

,2*22' 

0*32 


Per cent recovered 


32 

38 

6 


The evidence adduced above, though not free from minor irregularities, 
would, in general, lend support to the principle of the fractionation adopted. 
That is, without committing any serious error, the acetic acid soluble fraction 
can be taken to represent mono-, di- and non-apatite tricalciuin phosphate 
of the soil, the alkali soluble inorganic fraction to represent iron phosphate and 
a part of aluminium phosphate while the sulphuric acid soluble fraction would 
represent phosphorus of apatite nature. The phosphorus that would be left 
in the soil after these combined acid and alkali extractions cannot certainly 
include the above-mentioned classes in any appreciable amount. 
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11 j KRACTJONATiOIN OF 801L PHOSPHORUS, ii 14? 

SXJMMARy 

With a yiew to deducing the chemical nature of the phosphorus fractions 
extracted from soil by iV'/2 acetic acid, W/4 sodium hydroxide and sub 
phuric acid, solubilities of phosphorus compounds in the above solvents have 
been studied. 

The solubility study shows that (a) in acetic acid calcium phosphates 
are highly soluble, (b) in sodium hydroxide the phosphates of iron and alu- 
minium are highly soluble whereas tricalcium phosphate and apatite are 
highly insoluble, and (c) in sulphuric acid all the compounds are highly soluble. 

Fractionation of a mixture of soil and various phosphorus compounds 
shows that most of the mono-, cli- and tricalcium phosphates are recovered 
with the acetic acid soluble fraction and that ferric phosphate is mostly re- 
covered with the alkali soluble fraction. 
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(With Plate V) 

N O other single disease of jute {Oorchorus .ca/psularis and Corchorus 

oUtorius) causes more damage, both to outton and quality of fibre, ^ 

than the stem-rot due to Macrophomina Phaseoli (Maubl.) Ashby [—RMzocto- 
nia baicUicola (Taub.) Butler], Shaw [1912] considered it to be a destructive 
disease of seedling jute and was of opinion that it was sporadic and occurred 
in an epidemic form only under certain conditions. Since then it has been 
found to be of widespread occurrence in Bengal and is reported to occur in 
Assam, Bihar and Orissa. 

The fungus can attack the jute plant both in the seedling and the adult 
stage, leading to the formation of gaps in the field and reduction in yield. The 
jute crop is as a rule thickly planted so as to discourage branching and yields 
in consequence a superior fibre. When the disease is mild and the deaths are 
few in the crop, there is not much cause for anxiety ; but if the death rate is 
severe, large gaps may occur and the plants develop stems of uneven thickness -4 

which not onty take a longer time to ret but produce a coarser fibre. With 
wider spacings, the plants are induced to branch, rendering them useless for 
fibre production. 

In the adult stage the damage done is of a more serious nature. In addi- 
tion to loss by deaths in plants that have not succumbed to the disease the 
stem usually splits and shreds. Such stems take 10 to 16 days more to ret and 
the fibre itself instead of being glossy, fine and white in appearance (Plate V, 
fig. 3) is coarse, brownish, weak and laoldng in lustre, (Plate V, fig. 2) often 
with persistence of periderm (Plate V, fig. 4). The fibre from dead stems 
is uniformly dull, coarse and brittle, studded with the sclerotia of the fungus . J 

(Plate V, fig. 1). 1 

Symptoms 

Seedlings 

On the seedlings, the earhest symptoms manifest themselves either on the 
hypocotyl in the form of lesions near the collar and the node or on the coty- 
ledonary leaves. They are in thin streaks and blackish-brown to black [Ridg- 
way, 1912]. Under wet conditions the younger seedlings damp off but when 
conditions are dry and the seedlings have reached a three leaf-stage, they 
develop blight resulting in the shedding of the leaves and the death of the 
plants. Blight also occurs when the tender roots get infected. However, in 
many of the damped off and blighted plants the aerial parts are the first to be 
affected, the roots being subsequently invaded. On the cotyledonary leaves, ^ 

the necrotic lesions are orange-citrine and roundish. As rotting of the leaves 
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and the hypocotyl proceeds, pycnidia are formed in abundance. Selerotia 
are, however, formed in all the parts of seedlings. 

Growing 'plants 

Leaves. Bnffy citrine necrotic lesions occur mainly along the apex and 
the margins of the leaves ultimately covering the entire leaf including the mid 
rib and the petiole. A majority of such leaves are shed. Selerotia ha.ve 
never been observed on the affected leaves but numerous pycnidia cover the 
entire lamina and the petiole (Plate V, fig. 12). The pycnidial ostiole is gene- 
rally on the upper surface of the leaf. 

Stem. The primary lesions on the stem usually occur at the nodes as 
small, blackish-brown depressions, which later increase in size in both the 
directions (Plate V, fig. 6). The streaks vary in size from half an inch to nine 
inches (Plate V, fig. 7). Several lesions may coalesce and gradually girdle the 
stem. In such advanced cases, the plants wilt leaving bare dead sLalks in the 
field with abundant pycnidia all over (Plate V, figs. 8 and 11). 

Where the streaks run along the length of the stem without girdling it, the 
cortex gets shredded exposing the fibrous tissue. Adventitious roots may 
develop at the two ends of the streaks (Plate V, fig. 9) and such plants continue 
to grow but they break easily when strong wind blows. The plants always 
remain dwarfed and bushy. 

In some vigorously growing plants the lesions may become localized due 
to cork formation. Such cankers are half to one inch long and dull greenish 
black in colour. A furrow may form if several such cankers coalesce (Plate V, 
fig. 10). 

A microscopic examination of the infected stems shows the presence of 
the fungus in all the soft tissues, the epidermis and the cortex being the most 
affected. Where the infection is widespread the fungus spreads inwards 
invading the phloem parenchyma and the wide rays between the phloem 
wedges. It is also found in the central woody portion, the hyphae penetrating 
even the wood fibres. Pycnidia are usually embedded in the epidermis of the 
stem and selerotia are found in the ray-ceUs and the softer tissues of the phloem 
and the xylem. In cankers, pycnidia and selerotia occur sporadically. 

Boots 

In plants whose aerial parts are attacked, the roots very often are healthy. 
It is only after all the parts of such plants die, the infection extends to the roots. 
Sometimes, however, direct infection of roots occurs in which case the plants 
wilt. Such plants can easily be uprooted and their roots are found to have 
disintegrated. “Attacked roots are invariably full of black selerotia of the 
fungus. 

Capsules. ■ 

Discolourations on the capsules are found at all stages of growth. In- 
fected capsules are liable to drop off or split ; in the latter case the seeds in- 
variably get infected. In some of the unsplit diseased capsules the seeds also 
may be diseased. Infected seeds are sayal brown, without any lustre and 
light in weight. Selerotia are found within the capsule and on seeds. Pycn- 
idia occur on the outer surfeice of the capsule and sporadically;^ on the seeds. 
Mycelia and selerotia of the fungus have been observed under the seed-coat 
and sometimes in the cotyledons, 
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The eunghs 

The morphological characters of the fungus have been well established by 
Sawada 11916^ andWw [1 924], A similar fungus was isolated at Dacca Tarm 
■p n flffAAfpd mrts Monospore isolations from pycnidia found on 

fres - iiliion, of the eelerotia yielded the tame 

fungus, ^^^^r solerotial measurements comparable with those given 

bv Haio’h 11930], the fungus was cultured on maize meal agar medium piepaied 
SSnt to his formuk. He reports that the sclerotia of C strains ‘ attain 
S micimurn size in four to six weeks Consequently the cultm-es were 
ILwed to grow for six weeks at room temperature which varied from 24 to 
27°r Two hundred sclerotia were ineasm’ed and their diameters varied f om 
«to86M a«Wns6<>±0-8l'- The tclerotia of the etem-rot f„Bg„e 

*'*”'fSmdi?ftom°tov2'ond stems were separately eoltected and inonbated 
in water at 32°C. till the spores were discharged. One hundred pycnospoies 
were measured soon after their discharge. Pycnospores from leaves were com- 
paratively bigger than those from the stems. The Pf <=7^7 
Lnished in Me I compare well with those recorded by Ashby [1927] toi 

MacropTiomina Phaseoli. 

Ta^le i 





■ 


Workers 

! 

' 

Length in microns 

■if 

Width in microns 

Source 

Range 

Mean 

Range 

Mean 

Shaw [1924] 

Jute stem . 

16—27 


6— 8 

. . .1 

1 



17—29 


6-X. 8 

■■ . '1 



16—24 


7— 8 

1 



20—27 


7— 9 

1 



16—27 


7—11 

J, ' 



16—24 


8—11 


Ashby [1927] . 

Jute leaves 

.16—28 


' '6— .8 



Bean stem • . 1 

1 17—30 

: 23*6 

■ 6— 9 ' ; 

1 **'•■ 1 


Sesamum stem . 

18—29 

■ 

7 — 9 'i 

I- ' ' ■ 

Uppal ai. [1937] . 

Sorghum seedl- 

1 10—24 

1 •• 

6—10 

■■ 1 

Authons . 

ings 

Jute leaves . 

i 15 -6— 27 -3 

1 : 

21*3 

5 *8—9 ‘7 

8*] 


Jute stems . 

1 15-6— 27 -3 

! 

19*9 

7-0—9 -8 

7 -9 


Cowpea leaves 

j 15-6 — 24-2 

19 '0 

6 -8—7 -8 




i 
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IlIOCULATION EXPEBIMEETS 

Sliaw [1912] succeeded in infecting both the wounded and nnwounded 
stems. Briton-jones [1928] records successful infection on wounded stems, 
but it is not clear whether he obtained infection on unwounded stems also. 
It is found that infection readily occurs on mature stem when the surface of 
the stem is scratched and inoculated. Unwounded stems can also be success- 
fully infected by maintaining humidity in the region where the inoculum is 
placed. In such cases the lesions remain localized. Where unwounded collar 
region of 15 days old plants is inoculated under high humidity, the dis- 
colouration is noticeable after 24 hours. The above ground pg.rts of such 
plants are first to succumb and later the infection penetrates the roots. Th«^ 
cultures from live diseased plants and those from previous season's dead 
stubbles are equally virulent. 

Briton-Jones' [1928] could induce root infection of jute seedlings in inocu- 
lated gravel cultures under humid conditions. He was not able, however, to 
infect adult jute plants by soil inoculation. West [1931] grew jute plants to 
maturity in inoculated sand cultures, but the disease did not appear. As the 
disease is transmitted through the seed, it became necessary to sow individual 
seeds in sterilized soil in pots and to transplant only healthy young plants to 
inoculated soil. Forty plants 20 days old, when transplanted to inoculated 
soil, showed symptoms within 15 — 20 days, and succumbed to the disease, 
the percentage of mortality being 60. Roots of 20 days old healthy plants 
washed and dipped in a suspension of the culture when transplanted, produced 
symptoms after two days and subsequently died, the mortaKty being 85 per 
cent in a population of 40 . Twenty controls in each of the two experiments 
remained healthy. The soil, sterilized at 30 lb. pressure for one hour, was 
inoculated with 10 days old culture grown in Richard's medium. When five 
adult plants 75 — 90 days old were transplanted after washing their roots free 
of soil and dipping them in a suspension of the culture, the infection did not 
occur. All these inoculation experiments were carried out on plants grown in 
pots but the regulation of soil temperature or soil moisture in them was not 
possible. The failure of the fungus to infect adult plants may be due either to 
resistance offered by older roots or to the absence of proper conditions for 
favourable infection. . 

With the aid of an atomizer the pycnospores were sprayed over the leaves 
of one month old plants and these were kept under bell -jars for 36 hours. After 
a fortnight, lesions were observed on the different portions of the lamina follow- 
ed by pycnidia. Pycnospores from these leaves yielded the sclerotial fungus. 
The original fungus was also recovered from the inocukation experiments. 

could be induced by spraying sclerotial suspension on le bves. 

Development of disease in the field 

tittle was known as to the exact nature of the development of this disease 
in the field. The observations made in the previous two cropping seasons 
brought out some new aspects. With a view to gain more knowledge about 
these, the variety D 154 (0. capsnlaris) wsbs grown in a field where heavy stem- 
rot was observed in the preceding jy^ears. Soon after germination, 150 plants 
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were marked out. For eack plant under observation an index card was main- 
tained and records of the weekly progress of the disease were kept till the 
maturity of the crop. From a study of these cards it is possible to trace the 
course of the disease from stage to stage. Weekly figures showing the 
number of plants in which a particular symptom was first observed are 
presented in Table II. • 

Table II 

Frequency of plants showing a particular symptom for the first time 


(Date of sowing — 30 April 41 ; flowering commenced in 17th week ; harvest stage for fibre 
' in the 21st week ; harvest of the seed crop 26th week onwards) 
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The figures presented are from one year’s data only and it is not the in- 
tention to use them for showing the extent of the disease which is known to 
varj^ from year to year. The primary aim is to confirm the previous two 
seasons’ observations on the sequence of symptoms and the nature of epidemic. 
The conclusions on these two aspects are, therefore, based on three years’ 
observations. 

Out of the 150 plants kept under observation only 10 plants did not re- 
cord any symptoms ; the remaining 140 plants showed one or more symptoms 
of stem-rot at some stage or other of their growth. The leaf and stem infec- 
tions occurred a fortnight after the expression of seedling symptoms. The 
leaf infection generally leads to the infection of the stem at the nocles (Plate V , 
fig. 5). 

In all, there were 82 deaths made up as follows : — 

{a) Death attributable to M, PhaseoK — 

(i) due to damping-off . . . . . . . .10 

(ii) due to ringing ........ 58 

(in) after stem-rot . . . . • • • • • 1^1 

Sudden deaths where M. Phaseoli was the probable cause — 

(i) after leaf infection 1 

(ii) without any symptom ....... 1 

(6) Death due to other causes — 

(i) Whiteant attack after seedling and leaf infection . . 1 

{ii) Sclerotium rolfsii after stem-rot ...... 1 


Total . 82 

i ^ — 

It is seen that the majority of deaths are largely due to the rot encircling 
the stem. The interval between the appearance of tiie stem -rot and the death 
of the plant ranges between one and twenty weeks. Where the top of the plant 
is attacked the death is quicker. Over 55 per cent of mortality occurred with- 
in two weeks of the commencement of the stem-rot. Attacked plants survive 
commonly by means of callus formation. 

Regarding the extent of infection in relation to the stage of the crop, it is 
clear from Table III that more than 40 per cent of the plants caught the in- 
. fection within the first month of their growth. By the eighth w^eek after sow- 
ing, the cumulative infection had reached 84 per cent and the mortajlity which 
* commenced in the third week had also reached a high level. ^ The most critical 

period for the crop appears to be the first eight weeks of its growth for it is 
during this period that the disease is serious. 
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Table III 

Percentage of infection and mortality 

{Date of sowing— 30 April 1941 ; flowering commenced in 17th week ; harvest stage for 
fibre in the 21st week ; harvest of the seed crop 25th week onwards) _____ 



Weeks 



Symptoms 



Healthy 

plants 

Fresh 
infections 
on the 
healthy 
survivals 

Cumulative 

infection 

Deaths 
on t he 
survivals 

Cumulative 

deaths 

1 


98-0 

2*0 

i 

2*0 



2 

« 4 

84-0 

14-3 

16-() 



3 . 


73-4 

12 ‘7 

26*6 

5 ‘3 

5*3 

4 


53-4 

27 -3 

46*6 

1*4 

6, *6 

5 


43-4 

i 

20*0 

56*6 

8 *5 

14-6 

6 


27 -4 

35*9 

72*6 

8*6 

22*0 

7 


21 -4 

21 -9 

78-6 

1*7 

23*3 

8 


16*0 

26 *0 

84*0 

0*9 

24-0 

9 


15-4 

4*2 

84*6 

1 *6 

25-3 

10 


14-7 

4*3 

86-3 

0*9 

26 *0 

11 


14-7 


85 *3 


26*0 

12 


14-7 


86 *3 

0*9 

26*6 

13 


14-7 


86*3 


26 *6 

14 


14 -7 


85*3 

0*9 

27 *3 

15 


14*7 


86 *3 

1*8 

28*6 

16 


14-0 

4*5 

86 *0 

1*8 

30 *0 

17 


14 *0 


86 *0 

.. .. 

30*0 

18 


14 ‘0 

i ■ 
i 

86*0 

2 *8 

32 -O'- 

19 


13-4 

■4*8; 

86 ‘6 

0*9 

32*6, ■■' 

20 


13*4 


86*6 

5 *9 

36 -6 

21 


13 *4 


86*6 

3*1 

38*6 

22 


. 11 *4 

15*0 

88*6 

3*2„. 

40*6 

23 


8*0 

29*4 

92*0 

5*6 

'44*0 „ 

24 


■ 7. *4 . 

8*3 

92*6 

8*3 

48*6 


• 

6*8 

9*1 

■93*2, „ 

11*7 

64*6 
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STEM-BOT DISEASE OF JUTE 


'I „ , f It will be noted (Table III) that when the seed crop was ready for harvest, 

only 6*8 per cent of the plants remained completely fi‘ee from the disease 
while 54*6 per cent had died. As the fibre crop is harvested a month earlier 
the corresponding figures for that stage are of interest. At that stage the 
> percentages of healthy, infected and dead plants were 13*4, 48*0 and 38*6 

respectively. Thus, after the fibre harvest stage the percentage of infection 
as well as mortality rise again' The most favourable period for the disease is 
when the plant is below two months or over four and a half months old. From 
the foregoing it appears that the destructiveness of the disease towards the 
harvest stage can be got over by earlier harvest as far as the fibre crop is con- 
eerned. The seed crop will, however, suffer considerably at the late stage. 


Pbimaby infection 

The fungus is known to survive in soil and cause seedling infection and 
root-rot on a number of hosts. In jute fields the fungus perpetuates on stubbles 
in its sclerotial form. Where rotations are practised, other crops like linseed, 
sesamuni or cowpea may form the alternate host. It is also found to survive 
(m. Cyperm distans — a common weed in Bengal. 

Field observations indicate that excepting under high temperatures, the 
primary root infection is sporadic. 

The fungus harbours on the seed, under the seed coat and within the coty- 
lecions. In some samples as much as 30 per cent of the seeds were found to be 
^ I infected. Most of the seedling symptoms described occur when contaminated 

seeds are sown under laboratory conditions. The relative importance of the 
seed-borne infection as against the soil-borne infection has not as yet been 
properly assessed. The work of Andrus [1938] with the* bean disease 
^ caused by the fungus has shown that consistently more seedling infection is 

obtained wlien the seed is infected before planting than when infection is de- 
pended upon to occur from inoculum in the soil b In view of this and also in 
view of the importance of the cotyledons in primary infection it seems that tlie 
contaminated seed is a more important source of primary infection. 

Second ABY infection 

i f Pycnidia appear on the cotyledonary leaves and the hypocotyi within a 

fortnight after sowing or a week after the expression of the primaiy symptoms. 
Leaf lesions are noticed immediately in the vicinity of the originally infected 
plants. The evidence on hand indicates that the pycnospores released from 
:liser«sed and infected seedlings cause this secondary infection. Abundant 
leaf infection has been noticed in the fields during and after heavy reins. Under 
prolonged, warm and humid conditions the leaf infection leads to severe out- 
breaks of stem-rot. From Table II it will be seen that only 18 '6 per cent of 
plants got primary infection whereas at the seed harvest stage 93*2 per cent 
i of plants were diseased. Thus 74 * 6 per cent of the total infection was appa- 

rently secondary. ' ■ 

When the weather during the first seven weeks of the crop is comparatively 
i t dry, the incidence of the disease at Dacca is less. Jute sown on low and char 

lands 1ms been seen to suffer less than that grovm on medium or high lands. 
The crop is sown very early (February- — ^March) in cJiclt and low land areas and 
during the first two .months of its growth the weather is mostly dry and the 
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conditions tliercforc aro.not as favourable for the spread of the disease as is 
the case with high land crops which are sown rather late in April or early in 
May. 

SUMMABY 

The effect of stem-rot on the quality and outtiirn of fibre and the syinp- 
toms as they appear on various parts of the plant have been described.^ 

The cultures of the fungus isolated from different parts of the diseased 
plants agree with Haights 0 strain of Bhtzoctondcf’ bcitciticolci ; and the pycnos- 
pore measurements agree with those recorded by Ashby for Macrophomina 
PhaseoK. , . ... 

The fungus is rery virulent during the pycnidial stage and forms an im- 
portant source of secondary infection. Pycnospores readily infect the leaves 
and the leaf infection spreads to the node through the petiole. The rot of the 
stem leads to either shredding, canker or wilting. 

The primary root-rot usually occurs sporadically, late in the season, and 
also appears early in the season when high temperatures prevail. 

The critical period for the crop and the most favourable period for the 
disease is before eight weeks or after four and a half months. Late infection 
is responsible for the contamination of seed. 

It is suggested that infected seed is a more important source of primary 
infection than infection through the soil. The extent of stem-rot epidemic 
can be gauged from the primaty infection, as, usually the secondary infection 
is four times the primary infection. 

Acknowledgements 

Authors are specially indebted to Dr B. B. Mundkur for his valuable 
assistance in revising the manuscript. Thanks are also due to Dr B. N. Uppal 
for reading through the original manuscript. 



REFERENCES 

Andrus, C. F. (1938). Seed transmission of Macrophomina phaseoli. Phytopathology 28 
620-34 

Ashby, S. F. (1927). Macrophomina phaseoli (Maiibl.) Comb. nov. the Pycnidial Stage of 
jkhizoctonia hataticola (Taub.). ButL Trans. Brit, mycol. 8oc. 12, 141-7 

Briton- Jones, H. R. (1928). West Indies Root Disease. Root Disease in the British 
West Indies and a note on Diaporthe perniciosa Marchal or a closely related species. 
TVoji?. Agfnc, (T’nn.) 4, 79-82 

Haigh, J. C. (1930). Maci'ophomina phaseoli (Maubi.) Ashby and Rhizoctonia bataticola 
(Taub.) Butler. Ann. Roy. Bot. Gard. (Peradmiya) 11, 213-49 

Ridgway, R. (1912). Colour Standards and Colour Nomenclature pp. Washingtori, 

' J). 0. 

Sawada, K. (1916). Agri. Exp. Sta. Govt, of Formosa. Bull. 107, (Japanese) {Mycologia 
82, 1919] (original not seen) 

Shaw, F. J. F. (1912). The Morphology and parasitism of Rhizoctonia. Mem. Dept. ■ 
Agric. India (Bot. 8er.) 11^ 

Shaw, F, J. F. {1924). Studies in Diseases of the Jute Plant (2) Macrophoma Corchori 
Baw. Mem. Dept. Agric. India (Bot. Ser.) 

Uppal, B. N., Koihatkar, K. G., and Patel, M. K. (1936). Blight and Hollow-stem of 
SoTghmn. Indian J^ agric, 8ci. 

West, J. and Stuckey, W. R. (1931). Macrophomina phaseoli (MaubL) Ashby, in Trinidad 
Part I— Parasitism^ Part II, Physiology. Mem. Imp. Coll. Trop. Aqric. Trinidad. 

4, L20 





Indian J. agric. SrJ., Vol 13, Part 11 ] 



SOILS OF THE DECCAN CANALS 

IV. THE AI.KALT SOILS, THEIR ISLiTURE AND MANAGEMENT 

BY 

J. K. BASU, M.Sc.(Cal.), Ph.D.(Lond.), F, N. I. ' 

Soil Physicist, Sugarcane Research Scheme for Deccan/^ Padegaon 

AND 

■ V. 1). TAGARE, B.So., B.Ag.CBom.) 

Graduate Assistant 

(Recioivod tor publication on 11 August 1942) 

(With Plate VI) 

iNTEODFCTIOJSr 

D ue to extensive occurrence of alkali soils in India and their proverbial 
infertility a study of these soils piesents a very important problem both 
to the soil scientists and the agriculturists, and a co-ordinated attack on the 
subject is of vital importance in older to bring back millions of acres of such 
unproductive lands under proper cultivation. Seriousness of the situation has 
been only broiiglit into prominence in most cases after the introduction of 
irrigation water to the arid regions as in the cases of the United Provinces, 
the Punjab, Sind and Bombay -Deccan. The so-called alkali soils of the United 
Provinces known as mar or reh were first investigated by the 'Reh Commission’ 
in 1876, ■which was appointed to discover the cause of deterioration of lands 
which had been previously fertile. Leather [1897] in two exhaustive publi- 
cations has dealt. with all the salient points of evidence tendered before the 
Committee by Medlicott of the Geological Survey of India and others , adding 
the results of his own investigations on the usar lands not only of the United 
Provinces but also of the Punjab, Gujarat and the Bombay-Deccan. He has 
included all these saline and alkaline soils under the general term imar \ 
All the evidence at that time pointed ont that the general aridity of the land 
was the chief cause of formation of these soils. The scanty rainfall is not 
enough to wash out completely the salts naturally formed in the soil by 
weathering action. Both Leather (in the same publications) and Wadia 
[1936] have stressed the fact that under the nortli-Indian conditions an ap- 
preciable addition to the natural salts in the soils' maj^ be made by rivers, 
nallas and canals carrying salts in solution. Besides direct addition by sur- 
face washings, the raising pf subsoil water is a serious consequence of 
irrigation. A fourth likely cause of formation of these soils, viz. the possible 
existence of a salt bed below the soil has been disproved by examination of 
actual bores taken at several places described by Leather. 

Henderson [1920] has suggested some practical methods of salt land re- 
clamation for north-west India, He was of opinion that washing of the salts 

^ This scheme is partly subsidized by the Imperial Council of Agricultural Research 

• im '■ , 
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into the subsoil was a very effective method of reclaiming such soils. After 
washing, the physical condition of the soil was improved by suitable cropping. 

In the Punjab, Nasir [1923] in his researches on the barren soils of the LoTrer 

Bari Doab Colony has shown that though the alkali soils do not much diff^er in 

their mechanical analysis from the suri’oundmg normal soil, the compaction, 

the shrinkage and the defloculatioii of soil particles are due to the presence of 
harmful alkali salts. The lands are consequently rendered infertile and defi- 
cient in bacterial activity due to these alkaH salts. The most suitable method 
to reclaim such soils, in his opinion, was to open artificial drains and to use 
gypsum with subsequent flooding to remove salts. Dalip Singh and Mjlia- 
wan [1932] have studied the physico-chemicaT changes accompanying the 
process of reclamation in alkali soils of the Punjab. They have presented data 
i on the mechanical and chemical analysis of some of these soils and have as- 

5 cribed the hallar trouble mainly to a deficiency in the exchangeable calcium. 

They have reclaimed these kallar soils by the application of gypsum and cal- 
cium chloride followed by farmyard manure. Recently, McKenzie Taylor and 
I Mehta [1941] have stated that the soil deterioration in the Punjab is chiefly 

' due to the presence of salts in the soil crust and to the formation of a zone of 

accumulation of salts with the introduction of irrigation. In studying the 
effects of salt distribution due to irrigation and growth of cotton and rice, they 
^ found that while cotton caused a re-distribution of salts originally present in 

; the soil crust and a formation of zone of accumulation of salts, rice show'^ed a 

complete leaching out of salts from the profile. From these observations they 
concluded that deterioration of lands in the Punjab containing salts can be ^ 

I prevented by growing rice. 

The usar soils of the United Provinces have been successfully reclaimed 
near Cawmpore and Allahabad by the application of molasses. Dliar [1936] 
j has stressed the fact that molasses, which contain about 60 to 70 jier cent of 

i carbohydrates and are distinctly acidic in reaction, can readily reclaim the 

alkali soils. 

j Tamhane [1920] has investigated the conditions of salt formation and 

accumulation in Sind soils. There, the appearance of fo/Jar has been traced 
' as not due to waterlogging, but to the downward and ui)ward movement of 

irrigation water, which leaves the dissolved salts behind as the water evapo- i 

rates. Such being the case, where there is no layer of sand as a safety layer, 
leaving the land fallow and absolutely out of cultivation favours the form- 
ation ol hallar. 

I In the Bom bay -Deccan, Mann and Tamhane [1910] in their mvestigations 

i on the salt lands of the Nira valley have shown that the development of the 

salt lands in the Nira Canal area was due to the existence of the canal. The 
drainage condition of the soil being inferior, the subsoil wmter rose up to the 
' surface causing the land to be waterlogged and salt-affected. They found that 

; the lands can be prevented ficom being waterlogged and salt-affected by deepen- 

i ing the and opening of feeder drains. Inglis [1927], and Tnglis and 

j Gokhale [1928] have described reclamation of salt-affected and vvaterlogged 

areas ii] the Deccan. Several land drainage schemes have been carried out i 
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recently discussed the formation of waterlogged and salt-affected lands in the 
Deccan and has attributed causes of damage to the excessive amount ot 
irrigation water applied by the cultivators and to the presence of salts in 
the soil. He has classified these damaged lands according to the presence oi 
different amounts of salts in the soils and their pH values. , ' . 

Although considerable work has been done in various places in India on 
the reclamation of the alkali soils, the knowledge regarding their nature is still 
very imperfect. This is mainly due to the lack of available data on the mor- 
phology of these soils and want of a clear understanding of the pedogenic 
processes leading to their formation. Hence it is difficult to forecast the pro- 
bable behaviour of these soils under different intensities of irrigation and crop- 
ping In the present paper, an attempt has been made to arrive at a rational 
system of management of these soils based on a thorough study of their mor- 
pholoo-y and chemistry, coupled with field experimentation^ to follow the 
dynamics of soil changes under different systems of irrigation, manuring, 
cropping and faUowing. Reclamation of badly alkaline soils by means ot 
artificial methods has also been dealt with. 


Experimental technique 

Most of the field and laboratory methods given in a previous publication 
FBasu and Sirur , 1938] have been followed in connection with the investigations 
described in this paper. Only the additional methods employed are briefly 

indicated below : , -i j. j.- , 

Water extract of the soil. Soil shaken with water (soil : water ratio 1 : 5) 
for one hour in an end-over-end shaker and filtered through Pasteur Chamber- 

land filter using Houston’s pump. . 

(а) Sodium carbonate — ^Aliquot titrated with standard KHSO 4 solution 

using phenolphthalein as indicator (Harris, 1920]. ^ ^ ^ 

(б) Calcium — By volumetric method of titration with jxitassium per- 
manganate [Steenkamp, 1934]. _ .u j roj. 

(c) Sodium — -Colorimetrically using zinc uranyl acetate method [bteen- 

^^'^^sdlrmction. By the Biiiman’s quinhydrone method using a soil : water 
ratio of 1 • 2*6 [Wright, 1934]. Beckman’s glass electrode ^>H meter has 
recently been employed to check these results. Agreements were very good 

up to a pH value of 9'0. j- , • .1 -i j * • 

Dimrsion coefficient. The percentage of clay in the soil was detemmed 
by the dispersion in pure water (A) and also by International method (B) and 

the dispersion coefficient worked out as A/B X 100. 

II. Nature of alkali soils 


On the Deccan canals a considerable area is covered by a peculiar type of 
soil which is characterized by impermeability, extreme hardness and occasiorial 
presence of undesirable salts on the surface, all of which affect adversely the 
plant growth. Locally known as ‘ chopan these soils are so far regarded as 
unsuitable for perennial irrigation and cane-growing. They_ occur generally 
in patches from a few acres to a few square miles in extent amidst weU-drained 
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fertile soils of tlie tract. A large number of alkali , soil profiles have been 
examined on the'Six major canals of the Deccan and some, of the notable 
features of these soils are indicated below : 

Soil depth and subsoil water-table. These soils are usually deep, the depth 
of the soil over muriim (or decomposed rock) being sometime over 20 ft. but in 
certain exceptional cases soils having depths of 3 ft. to 4 ft. have also been 
found to possess similar characteristics. The subsoil water-table is generally 
struck between 7 and. 12 ft. below the surface. Under waterlogged condi- 
tions, however, water-table reaches very near the surface, specially during the 
monsoon. 

Soluble salts and A zone of accumulation of soluble salts is a common 

characteristic of all these soils, the accumulation usually taking place in lower 
soil layers, i.e. in depths from 30 in. to 60 in. depending on the drainage condi- 
tion of the soil profile. Exceptions are, however, found where the salts are 
found to accumulate even in surface layer where the soil occurs in a depression 
with or without an impervious subsoil. This may also happen where the sub- 
soil water-table is near the surface and the water heavily charged with salts. 
The ratio of sodium/calcium in the accumulation zone has been found to vary 
from 0*62 to 9 *25, and when the accumulation zone occurs in lower horizons 
ratios higher than 2 usually indicate a certain degree of compaction of the 
soil horizon. The pH. value is usually high throughout the profile but the 
presence of soluble salts lowers the values to a certain extent depending on the 
sodium saturation of the complex and the nature of soluble salts. 

Exchangeable bases. One of the characteristic property of these alkali 
soils is the high degree of saturation of the surface soil with sodium base, cal- 
cium being proportionately low. The sodium saturation varies from 10 to 
40 per cent and calcium saturation from 65 to 85 per cent. This high satura- 
tion of the surface soil by sodium base is invariably reflected in the hard and 
compact nature of the soil. Wide variations in the exchangeable potash and 
magnesium are noted in different soils, but on the whole they are much 
higher than those present in the normal fertile soils. To what extent these 
latter bases affect the soil structure is not definitely knowm and further re- 
searches in these directions are in progress. In the present paper, only the 
proportion of exchangeable Ca and Na will be considered for assessing the 
extent of deterioration of these soils. 

Soil structim. Usually these soils possess tw'o or more horizons fairly 
well demarcated. The structure of the ‘ A Miorizon varies from small clods 
to large clods, or laminated to nutty but is invariably hard and compact. 
Presence of large percentage of salts, how^ever, modifies the structure of this 
horizon considerably, and dust-like or single-grained structure may also be seen 
where the percentage of free salts is too high. The ‘ B ’ horizon can be both 
^ loose and friable ^ as w^ell as ‘ hard and compact ’ and the structure variation 
is great, viz. from single-grained to crumb or shaly to laminated or plate-like 
structure can be discerned. Hard and compact layer is usually accompanied 
by high degree of clay dispersion in water whereas loose and friable laj^^er is 
associated by low dispersion. The alkalinity test (by phenolphthalein) »shows 
that all these soils do not show presence of sodium carbonate and that there is 
a great deal of fluctuation of this constituent, in the soil profile from season 
to season. Presence of gypsum crystals in the low'er soil layers indicates 
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openness of soil structure, and these soils are usually well drained when brought 
under perennial irrigation. 

8o‘me typical profiles. Some typical alkali soil profiles are described below 
together with their physico-chemical properties, topography, etc. 

(1) Soil on fiat topography with subsoil water-table below 10-15 ft, from the 
surface : ‘ 5 * horizon compact and impervious 

Profile description 

Horizons Depth 

A 0-24 in. . . Greyish black soil — ^iiard clods breaking into nut - 

like structure with a tendency for lamination 
in lower parts ; loam 

Bj 24-32 in. . . Definitely laminated structure — white nodules 

(small) of lime appearing ; compact 

Bg 32-56 in. . . Soil same as above but with numerous big white 

concretions of lime ; the structure less pro- 
nounced with increasing depth but very com- 
pact 

C 56-68 in. . . Practically yellowish white materia, which effer- 

vesces strongly wdth dil. HOI (Seme material 
continues to a great depth) 

In a previous publication [Easu and Sirur, 1938], it has been statecl that 
all mature deep soils in the Deccan show a zone of accumulation of salts in the 
profile. The reason for this is the great aridity due to which the products of 
soil weathering cannot leach out by normal I’ainfall (which amounts to 18 in. 
to 25 in.) unless the depth of the soil overlying niurum or decomposed rock is 
limited to 2-3 ft. or less. Here the i:)roducts of soil weathering accumulate 
gradually with time in the low^er layers but in passing dowai the profile the 
soluble salts of the leachate get richer and richer in sodium than in calcium, 
as the bivalent ion calcium having more replacing powder than the monovalent 
sodium ion, enters more in the coinifiex in the upper layers, replacing more of 
sodium so that actually in the accumulation zone, Na/Ca ratio is usually high. 
When this high ratio is attained replacement of calcium by sodium starts (this 
usually takes place when the ratio is greater than 2*0 [Kelley, 1940] which 
soon brings about the sodiumization of the lower soil layers. This increased 

Table I 


Profile characteristics of alkali soil 
Profile Ho. 1 


1 Total 
Depth ! soluble 
Horizon in i salts 

inches i per 
cent 

. 'I ■ 2 i , S 

Sodium 

carbo- 

nate 

per 

cent 

4 

in 

water 

5 

Calcium 

carbo- 

nate 

per 

cent 

6 

Clay 

per 

cent 

Disper- 

sion 

coefO- 

cient 

per 

cent 

8 

Exchangeable 

Calcium | Sodium 1 Calcium: 
m. e. per m. e. perl sodium 
cent cent 1 ratio 

9 10 i 11 

. r 0-12 0*60 

■ • -1 12-24 1*14 

ii , . . 24-32 1*48 

' /■ 32-44 1*48 

Bfi . • *1 44-50 1*31 

0 . 56-08 1*04 

I 0*011 
! 0*011 
0*011 
0*016 
0*021 
0*021 

8 * 91 : 
S * 83 J 
' S • 69 1 
,■, 8*69 : 
8 * 64 : 
8-84 ! 
1 

5*26 
6*13 
9*05 
8*18 
6*72 
' 8*47 

1 50*50 

56*00 i 
53*251 
49*25 
47*50 ! 
32*75 

1 33*67 
i 36*61 
36*15 I 
36*04 ! 
44*74 t 
46*56 ! 

■ ■ 

35 * (0 
26*00 
22*50 
20*50 
14*00 
11*00 

5*86 

16*13 

16*13 

16*13 

18*75 

14*93 

6*10 

1*61 

1*39 

1*27 

,0*75 

0*74 


Water-soluble sodlum/calciiim ratio in aecumulatiQn zone = 8*03 
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sodiumization increases the impermeability of the ‘ B ’ horizon and the 
aoomnulation zone widens and moves upwards thus affecting the surface 
soil in time. The process is a slow one but is hastened when the profile shows 
definite eluviation of clay. These soils are characterized by a very hard and 
impermeable ‘ B ’ horizon which is well reflected in the low Ca/Na ratio of the 
exchange complex, high dispersion figures, presence of sodium carbonate and 
high j 9 H values generally. 

(2) Soil profile occurring in a low-lying situation : AlkaUmtion on the surface 
soil in spite of a fairly porous substratum: Subsoil water-table, below 
10 ft. 

Profile description 

Horizons Depth 

A 0-24 in. . . Uniform greyish black soil ; hard clods breaking 

with difficulty ; black concretions of lime pre- 
sent ; clay loam 

Bj 24-58 in. . . Mottled brown horizon, brown colour increasing 

with depth ; crumb structure 

B 2 58-84 in. . . Uniform reddish brown material possessing a 

shaly structure — ^fairly porous. Presence of 
crystals of gypsum and white nodules of lime; 
proportion of lime nodules increasing with 
depth ; silty loam (Very similar material 
extends up to 12 ft.) 

Such a profile normally gets washings from the surrounding catchment 
area but as the slopes are gentle the soil solution which accumulates on the 
surface during the rains percolates easily downwards leaving the top soil almost 
free from high percentage of soluble salts. But as these soil-washings are 
normally richer in sodium (and also magnesium) through base exchange at 
higher slopes the ' A ’ horizon of this soil gets richer in these bases replacing 
exchangeable calcium in the form of chlorides, nitrates and sulphates, etc. 
which leach dowmwards and accumulate in the ‘ B ’ horizon where the propor- 
tion of Na/Cais, therefore, usually low. Gypsum crystals also appear as con- 
cretions in this horizon. These soil leachings, therefore, act like a reclaiming 
agent for the lower soil layers and a porous ' B ’ horizon ultimately develops 
in time. The exchange Ca/Na ratio of the lower horizons is higher than that 
observed in the case of profile No. 1. The dispersion figures are also very low 
indicating definitely a more porous nature 6f this horizon. 

(3) Soil of medium depth occurring in a depression : * horizon compact and 

impervioics ; Salt incrustations visible in patches on the surface 

Profile description • 


Horizons 
' A 


B 


Depth 
0-3 Din. 


1940 in. 


Below 40 in, 


Black soil — ^very compact from the beginning 
with pronounced lamination in the first eight 
inches; black nodules of lime present; clay 
loam 

Boundary not sharply demarcated but white 
concretions of lime appear in this horizon ; 
more sticky and compact than above, which 
increases with depth 

Mufum thoroughly disintegrated almost like 
sand — ^with profuse deposits of lime 
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Table H. 

Profile characteristics of alkali soil 
Profile No. 2 




Total 

Sodium 


Calcium 


Disper- 

sion 

Exchangeable 

Horizon 

Depth 

in 

inches 

soluble 

salts 

per 

cent 

carbo- 

nate 

per 

cent 

pH in 
water 

carbo- 

nate 

per 

cent 

Olay 

per 

cent 

coeffi- 

cient 

per 

cent 

Calcium 
m. €. per 
cent 

Sodium 
m. e. per 
cent 

Calcium: 

sodium 

ratfo 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 


r 0-12 

0-31 


8-76 

8-02 

59*50 

■ 

38*23 

31-50 

5*66 

5*57 

A 

1 12-24 

0-93 


8-66 

8-85 

60*75 

^ 37-04 

24-50 

11-52 

2-13 


r 24-36 

1-90 

0-011 

8-54 

’ 10*37 

59*25 

3-38 

31-50 

11-85 

2*66 

Bi . ' . . i 

J 36-48 

1-90 

0-011 

8-59 

1 10-64 

60*00 

3-33 

27-50 

10-08 

2*73 

1 

[ 48-58 

1-90 

0*016 

8*58 1 

; 11*75 

64*75 


26*50 

11*52 

2-30 

B« . . 1 

r 58-72 

2*80 

0*00.5 

8*33 1 

i 7-33 

64*00 

8-59 

; 37-00 

8-86 

4-18 

1 72-84 

2*40 

1 

0-021 

8*61 

1 S-57 

! 

62*00 


! 25-00 

8-76 

2-85 


Water -solrible sodium /calcium ratio in accumulation zone=0* 96 
In this particular case there is an accumulation zone in the surface layer 
which must have been derived from the washings received from the catchment 
area, the soil solution being richer in sodium than in calcium salts. As the 
sodiumization has extended up to the ' B ’ horizon the permeability of this 
horizon is not good. This will be also evident from the high dispersion figures 
as also from the high values. The beneficial salts of calcium which are 
usually formed as a result of base exchange in the upper soil horizon must have 
been partially leached out into the murum below (due to shallow” depth of 
overlying soil layer) thus depriving the ' B ’ horizon of the advantages which 
accrue otherwise in such cases wheai the depth of the soil is considerable as in 
the previous case. Such types of soil may also develop when the lower soil 
layers are sandy or w^hen the water-table is near, thus helping the removal of 
calcium salts which are formed as a result of base-exchange reactions in the 
upper soil layers. 

Table III 

Profile characteristics of alkali soil 
Profile No. 3 




Total 

Sodium i 


Calcium 

1 Clay 

Disper- 

sion 

Exchangeable 

Horizon 

Depth 

in 

inches 

soluble ! 
salts j 
i per 
cent 

carbo- 
nate i 
per i 
cent 

pH in 
water 

carbo- 1 
uate 
per 
cent 

■ per ...I 

cent 

coeffi- 

cient 

per 

cent 

Calcium i 
m. c. peri 
cent 

Sodium 
m. e. per 
cent 

Calcium: 

sodium 

ratio 

1 ■ 

2 

3 

4 ; 

5 

6 

7 

8 

9 

10 

' 11' 

1 

r 0-8 

2-28 


1 8*43 

10*95 

55*75 

40*81 

30*00 

8*71 

3*44. 

A ■ » , . ' ■ ' , 

t 8-19 ’ 

0*83 


j 8*74 

11*82 

43-00 

i 66*86 

i 

22*00 

7*20 

3*06 

.B . ■ 

J 19-31 

0*42 


8*97 

15-19 

1 57*75 

j 52*38 

18*50 

8*06 

2*29 

t 31-40 

,0*42 j 

... . 

8*84 

16-36 

1 57*00 

46*49 

1 

i 18*00 

1 7*46 

2*,41 


Water-soluble sodium/calciiiin ratio in acciimulation zone 6*07 
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(4) Soil loith surface salt crust formed as a result of nearness of saline subsoil 

water-table 

Profile description 


Horizons 

Depth 


Aq 

0-2 in. 

. Surface crust ; breaks up into dry sand-like ma- 
terial with greyish black colour ; -whitish efflo- 
resce of salt present ; sandy loam 


r2-8 in. 

. Darker colour than above ; slightly laminated to 

A, 

.1 

structureless ; moist 


[8-18 ill. . 

. Same as above but loose and friable with a ten- 
dency for lamination. Roots of trees visi- 
ble 


18-27 in. . 

. Definitely compact and laminated with large 
number of black nodules present. Only a few 
roots visible here 


27-36 in. . 

. Sandy and gritty material with presence of white 
and black lime nodules 

B, 

36-48 in- . 

. Compacted sandy material full of lime nodules — 
whitish concretions mixed -with soil (Water- 
table struck at 4 ft.) 

C 

48-64 in. 

. Black material (soil) absent ; white limy material 
forming hard cement-like structure containing 
innumerable black nodules and sandy patches 




■'i'i' '.H 

m 


All these soils are characterized by a surface crust of salts which are richer 
in sodium than calcium. Saline subsoil water works from below affecting the 
lower soil horizons more at first, and then travelling upwards when the soil 
solution gets gradually lower in Na/Ca ratio due to base-exchange reactions. 
Exchangeable calcium falls very low in such soils specially in lower layers due 
to continuous reactions of the following types : 

CaX + 2NaCl ISTa^X + CaClj • . . . . (1) 


Ca X-f* lSra2C08 — > Na^ X -f* CaCOg 


( 2 ) 


of which, probablj^ the reaction represented in (2) is more effective. The com- 
paction of the lower horizons is indicated by high dispersion figures as well as 
low Ca/Na ratios in the exchange complex. 


4 broad classification of alkali soils on the basis of the compaction of the 

horizon 


B 


Generally speaking, it may be said that all deep soils which show a zone of 
accumulation of salts, and also soils of medium depth which contain a salt 
profile due to topographic conditions ai‘e potentially alkaline soils. All these 
soils possess well-defined structures (probably with the exception of actually 
waterlogged soils) and can be classed under the world gi'oup ' alkali soils with 
structure ’ of Glinka [1927] although the morphological features of these soils 
are somewhat different from those of the Russian ‘ Solonetz According to 
Sigmond’s [1938] system of soil classification, these soils definitely come under 
the soil order ‘ sodium soils ’ as sodium base mainly determines their charac- 
teristic structure and field behaviour. The presence of free salts is only a tem- 
porary phase in these soils, and a classification based on the nature of these 
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Table IV 


Profile characteristics of alkali soil 
Profile No. 4 




Botal 

Sodium 


Calcium 


Disper- 

sion 

Exchangeable 

Horizon 

Depth 

in 

inches 

soluble 

salts 

per 

cent 

carbo- 

nate 

per 

cent 

in 

tv^ater 

carbo- 

nate 

per 

cent 

Clay 

per 

cent 

coeffi- 

cient 

per 

cent 

Calciiiin 
m. e. per 
cent 

Sodium 
m. e. per 
cent 

Calcium 

sodium 

ratio 

.1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

li 

A« 

0-2 

3*64 


8*09 

7*15 

31*50 

11*90 

35-00 

16*12 

2*17 

Ax . . . 

r 2-8 

3*20 

0*016 

8*51 

1 7*98 i 

! 1 

42*75 

72*53 

11-50 

8-76 

1*31 

1 8-18 

2‘24 

0*021 

1 8*64 

8*66 i 

50*75 

100*00 

12-50 

10-33 

2*21 

13. . 

18-27 

1-18 

0*032 

8*37 

10-73 

51*50 

100*00 

5-50 

9*83 

I 0*56 

B* . 

27-36 

0-32 

0*053 

8*52 

12*10 1 

29*25 

100*00 

i 24-00 1 

15*50 

1*55 

Bs . 

86-48 1 

0-42 

0*058 

8*56 

10*32 i 

i 41*50 

i 

95*18 

1-50 

17*92 

1 0*08 

C . . . 

48-54 I 

0-85 

0*064 

8*62 

13*07 

21*00 

100* 00 

5-50 

10*89 

0*51 


Water-soluble sodium/calcium ratio in accumulation zone 3*80 


salts -without any reference to the structure profile will be of very little practi* 
cal value. Various pedogenic processes which lead to the alkalization of 
these soils have been partially discussed in this pai)er (and will be fully dis- 
cussed elsewdiere), from which it will be seen that all these processes can be 
broadly classified into tw o groups for the purposes of assessing their suitability 
for perennial irrigation : (1) Processes responsible for the formation of a 

compact ‘ A ’ horizon but w^hich at the same time help in the development of a 
porous and well-drained * B ’ horizon ; (2) Processes -w-hieh develop ultimately 
the compaction of both ^ A ’ and ‘ B ’ horizons, thus bringing into existence the 
worst types of alkali soils. These latter soils resemble more closely the ‘ Solo- 
netz ^ group of soils and will be referred to in this paper as belonging to ‘ C * 
family while the former soils iiaving more affinity to ‘ Steppe ’ alkali soils will 
be called as ' B ’ family, the names ‘ B ’ and ' C ’ being retained as the first of 
these members were named in an earlier paper [Basu and Sirur, 1938]. 

The causes which lead to the formation of these alkali soils can be stated as 
under : (1) Great aridity of the tract w^hen combined with great soil depth, 
(2) topographic situation -which affects the surface soil due to salt washings 
from the surrounding catchment area, and (3) nearness of saline subsoil w^ater 
biought about usually by indiscriminate irrigation. In the formation of alkali 
soils due to (1) it is not always necessary to have an impermeable subsoil as 
found essential in the case of Hungarian alkali soils by Sigmond [1927]. 
Secondly it is not essential to have great soil depths for the formation of 
alkali soils as it w'as supposed formerly because the causes (2) and (3) can bring 
about alkalization even in the case of medium depths of soils. 

So far as the reclamation of these sodium soils is concerned they are placed 
in a very much more advantageous position when compared with the European 
alkali soils of this group because of the presence of a large reserve of calcium 
carbonate in the entire profile. For the amelioration of these soils the pre- 
requisite condition to help the reaction of calcium carbonate with the sodiuiB 
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clav is -to create a humid condition, i.e. opposite of what actually has taken 
Dkce during the formation of these soils. In other words it is necessary to 
produce aiitrtificial leaching condition to remove the soluble Product of reac- 
tion 0 ut of the soil zone as represented by the following simple equation . 


CaCOs -f Naa X 


Na„00, 


in order that these soils may be permanently improved. Irrigation,^ therefore, 
seems to be the fundamental need for the amelioration of these soik. 0^ 
Lurse it is pre-supnosed that the drainage condition of the subsoil will be 
fairly good imorder^that the reaction represented in the shove equation c^an 
proceed in the rio:ht“hand direction. Such a case is presented in all soils be- 
longing to the gi^oup ‘ B ’ where the ‘ B ’ horizon is permeable. ^ ° 

experiments to study the effects of irrigation, manuring, cropping arid fallow- 
ing on this group of soil are described in section III while reclaii;ation by j^riifi- 
S methods is discussed in section TV. _ . In the ease of ‘ C ’ group of soils, 
great precautions will have to be taken it such soils are to be brought under 
irrigation. The provision of a drainage system will be an essential feature in 
these soils, at least in the earlier stages of crop growing. Often tmies, these 
latter soils are found to be completely unfit for the growing of irrigated crops 
when artificial methods recoiTimended in section IV will be found useiuL 

III, Management of alkali soils 

It has akeady been emphasized that one of the most undesirable proper- 
ties of these soils from the point of view of their management lies in their posses- 
sion of an invariably hard and compact surface soil. Due to this property 
considerable difficulties are encountered by the cultivators in securing a proper 
tilth, and consequently the germination of seeds and root developments are 
hindered in earlier stages. Further, due to an impervious nature of these soils 
a badly puddled condition is usually created on irrigation, and proper nitrifi- 
cation'is checked. For these reasons the crops suffer badly w^henever proper 
precautions are not taken in cultivating and irrigating these soils. As the bad 
nature of these soils is mainly due to high saturation of the clay complex by 
sodium base, their improvement can only be achieved through the replacement 
of sodium by calcium following the well-known methods of base exchange. 
As there is always an abundant supply of calcium carbonate in all these alkali 
soils the above reaction can take place only through irrigation. 

Comprehensive experimeiits wvere, therefore, laid out on a typical alkali 
soil where the ' B ’ horizon is definitely well-drained. )Snch an alkali soil w^as 
obtainable at the 'Padegaon Farm, and its description is given in profile No. 2 
in the previous section. As besides irrigation, both manuring and cropping 
are supposed to help favourably the base-exchange reactions by the produc- 
tion of carbon dioxide as a result of improved bacterial activities and root 
r’eactions, the following series of expeiiments w^ere designed in single plots to 
assess the soil changes after a number of years : 

(A) Irrigation and manuring 

(B) Cane cropping and fallow ing 

(C) EotationaJ cropping 
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The determinations of only exchangeable calcium, sodium and soil reaction 
are done to study the nature of soil colloids as affected by different factors of 
cane growing. Any improvement in soil colloids due to the effects of these 
factors will be judged by the increase in the calcium/sodium ratio, and in lower^ 
ing of th e soil reaction , 

A. Irrigation and manuring series 

This experiment was started in single plots (size 18 ‘loft. X 12 ft» or 
1/200 of an acre) in a block with proper bunds, and arrangement for 
measuring the water by means of a standing wave flume. The treatments on 
acre basis were as follows : 

Water . . . . (1) 70 A'' (2) 95 A^S) 120 A" 

Manure . . . {i) Nitrogenous — 300 ib. N — (4) & (5) 

(4) Sulphate of ammonia 

(5) Farmyard manure 

(6) Green-manure (sunn) 

{ii) Pliosphatic — 600 lb. P2O5 

(7) Superphosphate 

{iii) Potassic — 600 lb. K^O 

(8) Muriate of potash 

(9) Sulphate of potash 

Control . . . . (10) Dry plot 

All the treatments from No. (4) to (9) received irrigation of 95 A"' per annum 
excepting the treatment (6). The clianges in the exchangeable calcium, so- 
dium, calcium : sodium ratio and soil reaction will be seen from Table V where 
the original values and the values after four years of experimentation are 
recorded. The critical differences for significance have been worked out from 
previous experience. 

It will be observed that in all cases the exchangeable calcium has increased 
and in some cases the changes are considerable. Even in dry control plot there 
has been significant increase in exchange calcium, and this may be attributed 
to the effect of bunding which brings about the leaching down of rain water 
within the profile in a more efficient way than when there is no bund. Increas- 
ing doses of water have effected progressive increases in exchangeable calcium. 
Addition of manure has helped further the base-exchange reaction only in the 
cases of sulphate of ammonia, farmyard manure, and superphosphate. The 
last treatment, however, has not reached the level of significance over the 
control dose of 95 A" of water. Reduction in sodium base has taken place in 
most cases ; but only in the manured plots the changes are appreciable, the 
greatest reduction being observed in the farmyard manure-treated plot. It 
will be seen that the reductions in sodium base in all cases are far low’er than 
the corresponding increases in calcium, thus showing that the replacement of 
other bases by calcium must have also taken place simultaneously. From the 
changes in the calcium : sodium ratios it will be evident that great improve- 
ments in the soil colloids have taken place in most of the manured treatments. 
Even in the case of irrigation alone, 95 and 120 acre-inches treatments have 
significantly improved the soils. The first four treatments in order of efficacy 
are farmj^ard manure > sulphate of potash > muriate of potaiSli > sulphate 
of ammonia. As regards soil reaction, both the water treatments 95 A'" and 






Critical difference for 
significance 
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120 have appreciably lowered the pH values when compared with the dry 
control while amongst the manure treatments only sulphate of aiimionia has 
given higher drop in pH than the 05 acre-inches of water. Thus, although 
there has been greater improvement in soils due to manuring, this eftect is not 
reflected in their pH. values. The basic nature of these fertilizers partly 
accounts for this fact while in the case of farmyard manure increase in buffer- 
ing capacity may be held responsible for such peculiar action. 

B. Cane cropping and fallowing series 

111 this experiment 12 iilots of dimensions 45*5 ft. x24ft., i.e. 1/40 
of an acre, were laid out with, different systems of cane growing and fallowing 
as shown below- , the crops being continuously grow n year after year : 

(1) Manjri standard method (cane grown according to standard Manjii 
system, i.e. 150 lb. N given half as sulphate of ammonia and half as cake) 

(2) Continuous plant cane (unmanured) 

(3) Continuous plant cane (manured ; basal dose of 40,000 lb. per acre 
farmyard manure ; top-dressing 150 lb. per acre as sulphate of ammonia 
and cake in equel proportions) 

(4) Continuous ratoon (uninanured) 

(5) Continuous ratoon (manured ; for the fii'st crop same manure as in 
plant cane and for succeeding ratoon crops, top-dressing with 100 lb. N in 
equal proportions of sulphate of ammonia and cake) 

(6) Adsali (unmanured) 

(7) Adsali (manured ; basal dose of 40,000 lb. farmyard manure per acre, 
top-dressing 200 lb. N of wiiich 75 lb. N applied as sulphate of ammonia and 
the rest as cake. The crop allow'ed to grow" for 22 months, allowing only two 
months for the preparation of land for next cropping) 

(8) Adsali (Cultivator’s method, crop harvested after 18 months and land 
left fallow till next planting ; manure same as in manured adsali crop) 

The different systems of faliow"s were : 

(9) Uncultivated and irrigated (Uc, I.) 

(10) Uncultivated and un-irrigated (Uc. Ui.) 

(11) Cultivated and irrigated (C. I.) 

(12) Cultivated and un-irrigated (0. Ui.) 

For the sake of abbreviation these fallow^s will be referred to in the sub- 
sequent paragraphs by the letters indicated in brackets. - Irrigated fallow’s 
were introduced in the above system primarily to leach out the salts and 
secondly to encourage the natural w"eed giwvth in this alkaline soil. 

Excepting in the case of Uc. Ui. falloAv there have been increases in ex- 
change calcium after four years of experimentation in all cases, although in 
the case of mamired cane, adsali — cultivator’s method, and C. I. fallow the 
increases are not appreciable (Table VI). It is curious to note that increases in 
exchange calcium are more in all the unmanured canes than in manured ones. 
Among the fallows, Uc. I. fallow show"s the highest increase while Uc. Ui. shows 
actually a low^ering (w’Mch is, however, not significant). In the case of exchange 
sodium all cane ti'eatments exce|)ting unmanured plant cane and cultivator’s 
adsali, have showm significant reduction. Among the fallows, beneficial 
effects of irrigation in lowering exchangeable sodium is evident, w^eeds actually 
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helping the process still further. Finally, it will be seen that significant in- 
creases in the calcium/sodiani ratios, thus indicating the imiawement in the 
soils, have taken place in case of all the cane treatments excepting in the adsali 
according to cultivator’s method, the descending order of improvement of the 
first four treatmeni-s being manured plant cane > iinmanui'ed plant cane > 
immanured adsali^ manured adsali. This inefficiency of the cultivator’s 
adsali treatment in improving the soil colloid seems to be mainly due to the 
longer period of summer fallow as practised by the culti vators, which is detri- 
mental in these soils. This aspect is fully discussed later on. In the case of 
fallows, both the irrigated fallows show significant improvement. Among the 
cane treatments only manured plot lias shown appreciable lowering in pH 
value. The lowering in pH in cultivated and irrigated fallow' is of the same 
order as that ot irrigated control (i.e. 95 A") w^hile cultivated and uniriigated 
fallow is similar to dry control. In spite of greater improvement in soil condi- 
tion in the uncultivated and irrigated plot the lowering in pH is less pronounced. 
Uncultivated and unirrigated fallow indicates the danger of fallowing these 
soils in the natural condition. 

C. Rotational crojo series 

Several common rotational crops usually grown in this tract were taken in 
small plots (size 43*35 ft. x 20 ft., i.e. i/50 of an acre) in a block for two years 
in succession and soil samples analysed. The result after two years of ex- 
periment is given in Table VII. The following crops were grown : (1) Rabi 

joivar {jhidropogon sorghivm)^ (2) Wheat, (3) Berseem {Trifolmm alexandrinmn), 
(4) Shevri {Seshania aegyptiaca), (5) Cotton, (6) Tobacco, {!) Dhainclia {Sesbania 
aculeata) and (8) Rice. 

The 'difference’ column shows that the exchangeable calcium has increased 
in all cases excepting in w'heat (where there is a slight reduction). Rice, 
shevri, berseem and tobacco have shown significant increases. There have 
been definite lownrings in exchangeable sodium in all treatments, berseem and 
dhaincha showing the highest figures. From the increases in the calcium/ 
sodium ratios it can be judged tliat even wdthin two years of crop growing 
considerable imp>rovement in the soil complex has taken place in all cases, the 
order of superiority for the first four crops being berseem > rice> dhaincha >> 
cotton. It is interesting to note that the four crops mentioned above sbow''ed 
significant improvement even after first 3 ^ear of cropping. In this rotational 
series the changes in pH values are very little excepting in the case of cotton, 
although the improvement in the soil (as indicated increase in base ratios) 
is greatest in the case of berseem. 

In order to see w'hether the loss of exchangeable sodium in the soils due to 
cropping can be accounted for, by the removal of this base bj^ crops, analysis 
of these rotational crops w^as undertaken. This revealed the fact that while 
the actual uptake by plants varied from 6 to 43 lb. in case of diff*erent crops the 
loss of exchangeable sodium amounteo from 422 lb. to 1488 lb. per acre-foot of 
soil. Tims the plant uptake can account only for an insignifi.cant part of the 
sodium lost from the soil due to cropping. Root reaction (i.e. production of 
carbon dioxide by roots), therefore, appears to play an important role in the 
reclamation of these alkali soils under irrigation, whereby the replaced sodium 


Table VII 
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ion (as sodium carbonate) is completely leached out. In the case of sugarcane, 
however, it is found that a considerable amount of sodium is removed by 
different varieties, and tlie sodium base removed by the crop may amount to 
about one-third of the total loss from the soil as a result of cane growing. 

Harmful effect of summej' fallowing and methods of mitigating it* It 
has already been shown in a previous experiment that fallowing without 
irrigation is actually harmful to the soil as it tends to lower the calcium /sodium 
ratio of the complex. It was thought necessary, therefore, to study the move- 
ment of soluble calcium and sodium in the profile to find out the danger period 
when the alkalization of the surface soil can take place due to differential move- 
ments of these bases. Water-soluble calcium and sodium were determined 
monthly in 6 in. depths of a chofan soil profile dui‘ing the whole year and 
the results are given in Table VTII. It will be observed that the soluble cal- 
cium up to a depth of 24 in. is fairly low^ (with very little fluctuation during 
the year) while below this depth the figures are invariably very much higher 
throughout the year. In the case of sodium also the lower layers (i.e. 24-30 in. 
and 30-36 in.) contain much more of the base than the upper 24-in. layers but 
the actual sodium in these upper layers is five to ten times more than 
calcium. There is a steady rise of sodium, specially in the surface 6 or 
12 in. of soil from January ‘to May, after which the sodium content goes 
on decreasing. A slight drop in May from April may be due to a heavy shower 
of rain (I -60 in.) which fell in the latter half of April. From June 
to November (i.e. during the monsoon) a steady low’ level is maintained. It 
appears, therefore, that the sodiumization of the surface soil due to the move- 
ment of water-soluble salts is likely to be most active during the summer 
months, i.e. from March to May. Thus summer fallowing in these soils 
would be a dangerous practice. 

In order to study whether growing of lucerne and slievri (w’hich can be 
conveniently grown cluring summer months) would, be effective in checking the 
rise oi sodium salts in the soil profile, soil samples were analysed for two periods 
during April and May and the results are given in Table TX. It will he clear 
that in the case of lucerne considerable low'ering in soluble sodium takes place 
over the entire profile while with sTiewi the improvement is only in the first 
foot of soil during the first period but proves slightly better in the second. 
With regard to calcium there is a general increase of this constituent over the 
entire profile. The experiment thus stresses the importance of growing 
irrigated crops like lucerne and shevri on the land during the summer period. 

IV. EBCLAMATION BY AKTITICIAL METHODS 

In the previous section it has been shown that considerable improvement 
in soil can be achieved bv simple process of cropping where mrigation and manu- 
inv are practised. There are, however, certain extreme types of alkali soils 
existant on the tract (such as degraded ‘ C ’ type soil) where crop growing is 
often not possible. In such cases it w^as felt that previous reclamation of soils 
by artificial methods will be required. For this puipose a new set of experi- 
inents was started involving the use of farmyard manure, gypsum, sulphur and 
molasses. The results o.l this experiment are described in this section. 
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I ' t This experiment was conducted for two years in small plots (14 ft. x 8 ft. 

or 1/400 of an acre) wdth provision for flooding with suitable bunds. Shallow- 
drains (about 2 ft. deep) w-ere also maintained for the removal of excess water 


Table IX 

Movement of water-soluble calcium and sodium {mg. per 100 gm. of soil) in the 
profile under dry {control), lucerne and shevri 



Depth 

in 

inches 

April 

May 

Calcium 

oxide 

Sodium 

oxide 

Calcium 

oxide 

Sodium 

oxide 

Dry (control) 

0-6 

60-40 

316*46 

32 *48 

255*10 


6-12 

11-20 

271 *74 

14*56 

156 *25 


12-18 

12-05 

242 *71 

17 *36 

126*26 


GO 

10-90 

378 *78 

29*12 

245 *09 

1 .■ 

24-30 

150 -90 

596 *23 

102 *48 

265 *95 


30-36 

245 -00 

. 

735 *29 

221 *20 

297*61 

Lucerne . . . • 

0-6 

17*90 

100-80 

28-66 

162 *33 


6-12 

19 *90 

77 -16 

19-04 

92*59 


12-18 

8*40 

97-66 

96-88 

164 *47 


18-24 

1 226 *26 

378-78 

235 -76 

219 *30 


24-30 

246 *70 

462 -96 

166-80 

160 *26 

1 

30-36 

1 219*26 

596 -23 

143-92 

216 *51 

^ ■ ■, tShevn 

0-6 

30 -80 

166 -66 

24-06 

73-62 


6-12 

12-30 

134 -40 

14-00 

46 -62 


12-18 

13-16 

328 -94 

16-70 

81 -17 


18-24 

184 -60 

714-28 

203 -28 

201 -61 


24-30 

224 -00 

694-44 

316 -96 

208-33 

4 / ' ' ■ 

30-36 

294-00 

806 -46 

269 -28 

201-61 
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lE-between tlia plots, the distance between the adjacent plots being 8 ft. A 
series of nine plots (consisting of 3 plots in 3 rows) was started in the first jear. 
and the following treatments were tried : 

(1) Sulphur + farmyard manure 

(2) Control (irrigated) 

(3) Sulphur alone 

(4) Sulphur + farmyard manure + gypsum 

(5) Gypsum + farmyard manure 

(6) Sulphur + gypsum 

(7) Farmyard manure alone 

(8) Control (dry) 

(9) Gypsum alone 

The dose of sulphur was | ton per acre, gypsum 1 ton and farmyard manure 
5000 lb. per acre. The reclaiming agents were applied to the soil in the month 
of June every year and were allowed to react during the monsoon. The 
treated plots were then flooded to the height of 6 in. every day for five 
days continuously and allowed to drain for the next five days during the closure 
of the canal. This process was repeated for a period of three months in succes- 
sion. During this experiment the heights of standing water after 24 
hours were recorded in each treatment. Considerable improvements, as 
judged by the drainage condition of the treated plots, were observed, specially 
in the cases of treatments No. (1) and (4) in the first year and also in (3) and 
(6) in the second year. The soil samples were collected at the end of every 
year and the analj^ical data after two years of experimentation are only given 
in Table X. 

It will be evident that significant increase in exchange calcium has taken 
place in all eases except in the dry control where it has shown a slight low^ering. 
The highest increase is recorded in the case of sulphur -f- farmyard manui e + 
gj^psum treatment. Reduction in exchangeable sodium is observed in all 
cases, the most prominent among them being the treatments (1), (4), (3) and 
(6), i.e. where sulplmr is applied alone or in combination. From the point of 
view of final improvement, as judged by calcium /sodium ratio, it will be noted 
that significant increases have taken place in all cases excepting dry control. 
The first fou " treatments in descending order of improvement are as foUow^s : 
Sulphur + fciriiiyard manure > sulphur + gypsum +• farmyard manure > 
Bulphur alone sulphur + gypsum. 

In the case of molasses, experiment was started after one year in three 
adjacent plots and continued for two years as in the previous case. The treat- 
ments were : 

(10) Molasses 10 tons per acre 

(11) Molasses 5 tons per acre 

(12) Control (irrigated) 

In short it may be said that although molasses have brouglit about reciamatioii 
of these soils, they are definitely inferior when compared with the sulphur 
treatments, although superior to farmyard manure or gypsum alone. 

Considerable lowering in pK values is observed in all the treated plots when 
compared with the controls. The drops in pE are round about 0*49 to 0^66 
in most or the treatments excepting the ‘ sulphur + gypsum ^ treatment wliere 
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toe lowering is 0 * 90. In the control plots the changes in soil reaction are practi> 
cally very little. There appears to be, however, no clear-cnt relation between 
the extent of reclamation as judged by the increase in the exchange calcium/ 
sodium ratio, and the lowering in pH. Whatever the initial values may 
be, the process of reclamation seems to have brought down the final values 
after two years to round about 8*4— 8*5 excepting in the best reclaimed sod, 
^ sulphur + farmyard manure where the pH is lowered still further. It is 
curious to state here that these soils when leached in contact with calcium 
carbonate attain a pH value of nearly 8 * 2. Thus the lowest limit that can be 
expected for these soils to attain in any reclamation experiment is 8 * 2, and th@ 
actual lowering in pH is virtually governed by the state of original level in 
these alkaline soils. The success of a reclamation experiment can, therefore 
be judged roughly by the final wdien it approaches the limiting value of 
8 * 2 in w^ater. The KOI pH has shown low^ering in values of the same order in 
all cases including even the control plots. These values are not reported here 
as they do not show' any strildng variations between the reclaimed and un- 
reclaimed soils. 

Fertility status of the reclaimed soils. In order to study the effect of re 
eiamation on the fertility status of the soils, Neubauer’s seedling method 
[Stewart, 1932] for avahable phosphate and potash was tried with six soils 
having calcium/sodimn ratios varying from 16*41 in the best reclaimed soil 
(sulitour 4- farmyard manure), 5 *16- -4 *55 in the partially reclaimed soils 
(farmyard manure alone and gypsum alone) to 3 *55 in the um^eclaimed control 
(dry)." As regards available phosphate the reclaimed soils show'ed higher 
values (7 * 9 mg. per 100 gm. soil) as compared with the cpntrol (3 * 9 mg. per 100 
gm. soil) thus indicating more availability of phosphate by reclamation. In 
case of available potash, however, the two best reclaimed soils showed very 
high figures (20'’! and 30*2 mg. per 100 gm. soil) but the farmyard manure-treat- 
ed soil which was only partially reclaimed show^ed high availability {28*9 mg. 
per 100 gm. soil) in spite of fairly low’' value of calcium /sodium ratio (i.e. 5 • 16). 
This peculiar behaviour of the soil reclaimed by farmyard manure was noticed 
in the pot-culture experiment with cotton and also reflected in the quality of 
gul produced from cane grown on this soil, which is discussed later. 

Since it is well known that carbon dioxide evolution is an index of micro- 
biological activities in the soil, evolution of carbon dioxide was measured to 
study the improvement in the soils by reclamation. Respiration studies w'ere 
carried out for a period of 12 days and the total production of carbon 
dioxide from different soils compared. The results indicated that the quan- 
tity of carbon dioxide evolved was in good agreement with the state of reclama- 
tion of the soil, the maximum evolution being given by tlie best reclaimed soil 
and the least by the controls (both dry and irrigated), partially reclaimed soils 
giving intermediate values. The total production in the 12-day period was 
in the following descending order: 

Sulphur + farmyard manure > gypsum > farmyard manure > dry 
control ;> irrigated control 

Pot-culture work with cotton using the reclaimed soils. The soils obtained 
from the reclamation experiment were subjected to a pot-culture experiment 
with cotton (Banilla variety) as a test crop to ascertain to what extent these 
improvements as judged by the base ratios hold good when the actual soil 
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fertility is measured in terms of crop yields. The crop was grown in the usual 
way in five replicates and the results are briefly discussed below -With the 
exception of farmyard manure treatment (where the caloium/sodiam ratio 
is 5-16) the opening of the bolls took place only up to calcium/sodium ratio of 
8 •20. Among the best reclaimed soils, sulphur -}- gypsum -j- farmyard 
manure treatment produced more yield of cotton per boll although sulphur 
+ farmyard manure treatment gave the highest total yield. From the 
points of view of height and total dry matter also the two reclaimed soils top 
the list. Photo showing the growth of cotton plant in certain selected treat- 
ments is given in Plate VI (facing page 157). 

Beclamation and the quality of gal. In the exjyerimental plots, where the 
reclamation of soil by artificial method was tried for two seasons sugarcane 
(variety Co 360) was grown in order to finally find out how the quality of gul 
L influenced by the various methods of reclamation. It may be meiitioned 
here that the quality of guli^ one of the most important consideration with the 
cultivators, the gul obtained from these alkaline soils being usually of an in- 
ferior quality. Chil blocks were, therefore, carefully prepared, separately 
from suo^arcanes grown in these plots and assessed by the local experts with 
the following results. GkI produced from the farmyard manure-treated 
plot was best from all points of view, and sulphur-treated plots also (alone and 
in combination) gave superior quality of gul- On the whole, soils ■with higher 
calcium/sodium ratio gave better colour and test of gul than the control soils 
(both inigated and dry) w'here the ratios were lower. Thus the beneficial 
effect of .reclamation on the quality of gul is clearly manifested. 

V. Geneeal conclusions and sommaey 


A considerable part of the commandable area of the Deccan canals is 
occupied by a peculiar type of alkaline soil which is oharacterized by imper- 
meability, extreme hardness and occasional presence of harmiul salts, all ol 
which affect adversely the plant growth. Locally known as chopan these 
soils are so far regarded as unsuitable for perennial irrigation and cane growing. 
It was therefore, thought desirable to undertake detailed investigations on 
the nature of these soils in order to classify them from the point of view of 
irrigation suitability and devise means for their management. Results of 

these studies are briefly indicated below : ., ,,, -.xi 

(1) From an examination of a number of alkali soil profiles situated on 
different canals it w^as found that the most common feature of these sons is 
the high saturation of the surface soil with sodium base w hich is responsible 

for the above-mentioned undesirable qualities of these soils. _ ■ x,, 

(2) All these soils possess a zone of accumulation ot salts m tiie pronie, 
and depending on the nature and position of tins zone in the profile, the akali- 
zation and the consequent development of a structure pro^e take place. 
These genetic characteristics undoubtedly place these soils m the broad world 
group of ‘ alkali soils %vith structure ’ described by Glinka [1927]. 

(3) The causes of alkaline degradation of these black cotton sods have 
been traced to (i) great aridity of the tract combined ^th great soil depth, 
(ii) topographic situation which, affects the surface soil due to sah, vvasfimgs 
from the surrounding catchment area, and {Hi) nearness of saline suasoii 
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(4) The soil-forming processes leading to the alkalization of the profiles 
can be broadly dmd.ed into two groups for the purposes of assessing the suit- 
ability for perennial irrigation : (a) Processes resjponsible for the tbrmation oi 
a compact ‘ A ’ horizon but which at the same time help in the development 
of a porous and well-drained ‘ B ’ horizon ; (b) Processes which develop ulti- 
mately the compaction of both ‘ A ’ and ‘ B ’ horizons thus bringing into 
existence the woi’st types of alkali soils. These latter soils resemble more 
closely the ‘ Solonetz ’ soils while the former soils have more affinity with 
the ‘ Steppe ’ alkali soils. 

(5) Since these alkali soils are formed as a result of extreme aridity in 
climate, creation of a humid condition by inigation was thought essential for 
their reclamation. Experiments were, therefore, laid out on a typical alkali 
soil (with a porous ‘ B ’ horizon) on the farm to study the interaction of water, 
manure, cropping and fallowing on the soil colloids. Results indicate in a 
general way that all the above factors of cane-^owing help in reducing .sodium 
colloid and in increasing the proportion of calcium colloid, which are so essen- 
tial for building up of desirable .soil structures. Appreciable lowering in pB. 
values was also observed in these cases. 

(6) In the case of dry covered fallow it was noticed that a slight lowering 
in the Ca/Na ratio w'as followed by a rise in pH value. The harmful effect of 
dry fallowing was, therefore, apprehended which was further corroborated by 
detailed studies on the movement of soluble calcium and sodium salts in the 
profile. Summer faUowixig w'as observed definitely harmful in this respect 
and the most effective means of checking it was found to be growing of irrigated 
crops like lucerne a,nd shevri during this period. 

(7) In the case of the worst type of alkaline soils (where the * B ’ horizon 
is usually impervious) it may not be possible to grow any irrigated crop with 
success. In such cases it will be necessary to reclaim the soils by artificial 
methods. It was found that the best reclaiming agent’ for these soils is a mix- 
ture of sulphur and farmyard manure applied at the rate of half a ton and two 
tons per acre raspectively. Molasses (10 tons per acre) was also found useful 
but it proved less effective when compared with the sulphur mixture. In 
alkaline soils showing impemous ‘ B ’ horizon provision for shallow drain.s 
appears to be essential when they are to be brought under perennial irriga- 
tion. 

(8) When the soils at different stages of reclamation (as judged by Ca/Na 
ratios) w'ere compared in a Neubauer’s test for available potash and phosphoric 
acid it was noticed that the reclaimed soils were definitely superior in their 
available constituents when compared to partially reclaimed or unreclaimed 
soils. Similar superiority of the reclaimed soils was also observed in their 
microbiological activities as tested by the evolution of carbon dioxide from 
tliese soils. 

(9) A pot-culture experiment with cotton indicated that a ealcium/sodium 
ratio higher than 8'0 was essential for the proper growdh and boll formation 
in cotton. 

(10) The quality of ywr was also found to be considerably improved when 
canes w ere grown in soils having a high Ca/Na ratio. 
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I N May and June, 1941, during observations on the occurrence of diseases 
of vegetable crops in zaminda.rs’ fields round about Delhi, a mosaic disease 
of bottle gourd {Lagenaria vulgaris Ser.) was seen to occur commonly. 
Large number of plants were affected and the infection appeared to be wide- 
spread. The symptoms were more marked on younger leaves and the leaf 
surface showed a combination of dark green to pale green areas. 

A large number of isolations made from the diseased material did not 
give any fungal or bacterial growth. Microscopic examination of the diseased 
tissue also did not reveal the presence of any organism. The nature of the 
symptoms of the disease and failure to isolate any organism from the diseased 
tissue suggested a virus as the cause. 

Experiments conducted with a view to study the symptomatology, trans- 
mission and properties of the casual virus are reported in this paper. 

Material and method 

The original inoculum of bottle gourd mosaic virus was taken from a 
mature, fruit bearing, infected bottle gourd plant. Young bottle gourd 
plants grown under insect-proof conditions were infected by mechanical 
inoculation. Later on, transfers were made to young plants periodically 
in order to provide a stock of freshly infected plants for inoculation work 
throughout the course of the investigation. 

.. The standard extract for inoculation was prepared by crushing to a fine 
pulp in pestle and mortar a known ’weight of young infected leaves which had 
previously been washed and dried in folds of filter paper adding a small quantity 
of wa ter from time to time. To every gram of leafy material 1 c.o. of water 
was added. This was then pressed through muslin by hand. 

Inoculations w^ere carried out by dusting the leaves with finely powdered 
carborundum and smearing the leaf with a piece of absorbent cotton wool 
diiiped in fresh extract from the diseased plant. This method usually gave 
100 per cent infection. Gontrols were similarly treated except that extract 
from healthy plants was used as inoculum. Every care was taken to main- 
tain aseptic conditions and all the apparatus tised was sterilized according to 
requirements of each experiment. 

!8g 



Fig. 1. Infected and healthy leaves of bottle gourd 


Fig. 2. Infected bottle gourd plant 
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Tlie plants raised in sterile soil under insect -proof conditions were as a 
rule inoculated w^hen they had developed the first three to four true leaves and 
for any one experiment plants of the same age were employed so that the 
results could be strictly comparable. The test plants were always kept under 
observation for at least four weeks. 

Symptoms of the disease 

The symptoms of the disease produced on bottle gourd hj mechanical 
inoculations in the insect-proof house were similar to those observed on plants 
growing in the cultivators’ fields as well as our experimental plots exposed to 
normal infection. During the growing season, i.e. March to August, the first 
symptoms of infection in the insect-proof house appear six to eight days after 
inoculation but during winter months the infection may take 28 to 30 days or 
more. The growth of plants during these months is extremely slow. The 
best time for infection coincides with the optimum period for growth. The 
inoculated leaves seldom show^ signs of infection but the succeeding young 
leaves exhibit the first marked symptoms of the disease. Early symptoms 
are in the form of broad chlorotic streaks between the major veins along w^hicli 
a deep green portion persists. Later, however, the chlorotic portion gradually 
expands thus limiting the green portion to either side of the veins. Plate VII; 
fig. 1 shows a leaf of an infected and a healthy plant. 

Young infected leaves may either be distorted wdth wavy and irregular 
outline or may have a wrinkled surface, or both. Occasionally, the mid-rib 
arches above the centre of the leaf surface with the result that the leaf apex as 
well as the margins are curled dowmwards. Characteristic dark green 
blisters occur commonly and are seen scattered over the entire pale green leaf 
surface. These appear as small convex areas on the upper surface of the leaf. 
They are the result of curving in of the lower surface of the leaf and are not 
due to the thickening of a portion of the leaf surface. These blisters are pe^rtly 
responsible for the wrinkled appearance of the leaves. Plate VII, fig. 2 and 
Plate VIII, fig, 1 show infected bottle gourd plants. 

The infection is always systemic and all the succeeding leaves show" symp- 
toms of the disease in the form of chlorotic streaks, or quite often as irregular 
light green and dark green mottling in a limited portion or the w^'hole surface of 
the leaf. Some leaves show complete chlorosis with dark green blisters, others 
exhibit regular mottling in the form of minute light green and dark green 
specks all over the leaf surface. In about seven w^eeks’ time the older leaves 
dry up and are shed. The plants infected early in the season remain small in 
size, blossom sparingly and set fewer fruits w^hich are usually normal. 

Twelve healthy plants 20 days old and of the same size w^ere selected. 
Six w"ere infected wdth bottle gourd virus and six w"ere kept as controls. The 
growth of the plants regarding their height, leaf area, size and number of 
internodes and size of petioles 16 days after infection and of the control plants 
are compared in Table I. The statistical significance of the differences in 
different parts of healthy and diseased plants recorded were evaluated b}" 
Bessers luethod [Shaw", 1936]. In this method a ratio of the difference of the 
two means to the probable error of the difference is calculated from the data 
and according as this is a greater or smaller number, the greater or smaller is 
the probability that the .results recorded are significant. When the ratio 
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M. D./P. E. D. is just above 3*2 the results are on the margin of significance. 
The ratio M. D./P. E. D. for all the comparisons shown in Table I lies between 
6 and 12. This represents an enormously high probability that the height, 
number and area of leaves, number and size of internodes and size of petioles 
is significantly greater in healthy plants. Plate VIII, fig.^ 2 shows healthy 
and infected plants of the same age 18 days after inoculation. 

Table I 

Effect of infection on growth of different organs of plant 



' Height of 
plants (in.) 


J 


Intemodes 


Petioles 





1 





Plant No. 


1 Die- 

Total number 
per plant 

Average area 1 Total numoer 
per leaf in I per plant 

square inches i 

jMLean size per 
plant (In.) 

Mean size 
per plant 
(in.) 



j eased 

Healthy 

Dis- 

eased 

Healthy Dis- Healthy 
eased 

Dis- 

eased 

Healthy 

Dis- 

eased 

1 

Healthy Dis- 
eased 

1 

16‘5 

11*0 

8 

6 

4*31 2*89 5 

4 

2*14 

1 1*42 

1*45 1*01 


30*0 

1 12*0 

11 

6 j 

6*86 2^61 8 

3 1 

3*18 

1*90 

1*35 1*08 

3 

26*0 

9*4 

8 

6 

5*41 1*43 6 

3 

3*26 

1*07 

1*67 0*77 

4 : 

20-0 

10-6 

8 

6 

4*10 2*94 5 

2 

1 2*86 

0*98 

1*15 0*94 


15- 5 

14*5 

9 

7 

3*27 3*02 5 

5 

2*32 

1*98 

1*46 1*12 

6 

38-5 

11*6 

12 

6 

6*80 3*31 9 

4 

3*81 

1*30 

1*36 1*05 

p.E.n. . 

1*6188 


0*6034 


0*2743 0*3561 


0*1268 


0*0364 

M. n. 

7*0 


6*2 


8*9 7*8 


11*7 


11*2 

P. E. D. . 






1 






Internal structure. Vertical 
sections of leaves both from 
healthy and diseased plants 
were cut and examined micros- 
copically. Leaves from the 
plants of the same age and 
approximately from same posi- 
tion were taken. 

Epidermis of the diseased 
leaves may remain unaffected 
but in leaves which show wrin- 
kling and puckering the epider- 
mal layer is not regular and well 
defined but shows some depres- 
sions and eruptions. Size and 
shape of palisade cells is mark- 
edly affected. They become 
more broad than Iona* and are 



Fia. 1. Vertical section of infected bottle 
gourd leaf ( x 304) 
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more or less cuboid in 
shape and are loosely 
arranged as compared 
to those in healthy 
leaves where they are 
greater in length and 
are compactly arrang- 
ed. The chloroplasts 
in the palisade cells of 
infected leaves are few 
in number. They either 
aggregate in the centre 
of the cell or in a corner 
or may be 'arranged 
along the walls of the 
cells so that the re- 
maining portion of the 
cell appears almost 
empty and colourless* 

The chloroplasts are 
sometimes evenly dis- 2. Vertical section of healthy bottle gourd leaf ( x304) 
tributed in the cell. In 

healthy leaves the cells are almost completely filled with the chloroplasts. 

The spongy parenchyma in the diseased leaves is loosely arranged and the 
cells appear to be a little larger in size. 

The chlorotic portion of a diseased leaf is slightly thinner than the deep 
green portion, including the green blisters of the same leaf or any part of a 
healthy leaf. 

There is no appreciable difference in the internal structure of green blisters 
of diseased leaves and any portion of a green healthy leaf. Figs. 1 and 2 shov' 
vertical sections through an affected and a healthy leaf respectively. 

Host eange 

With a view to determine the host range of the virus other cucurbits in 
addition to bottle gourd were tested. This included cucumber, bitter gourd, 
melon, water-melon and vegetable marrow. Inoculations were carried out b}" 
the method already described on young plants grown in the insect-proof house. 
The symptoms produced on these hosts are described below. 

Cucumber {Cucumis satims L,). Symptoms appear about 10 days after 
inoculation. The inoculated leaves do not show any symptoms of the disease. 
The first visible symptom is the clearing of veins and the subsequent leaves 
either show mild chlorosis of the whole leaf with green blisters, the number of 
which varies greatly, or crumpled and wrinkled condition with chlorosis or 
mottling limited to the margins or the veins. The growth of the infected 
plants is adversely affected. 

Bitter gourd {Mcmordica chm(mtia L.). The first symptoms are observed 
only on the youngest leaves about eight days after inoculation. There is no 
clearing of veins but the leaves show regular light green and dark green mottling 
over the whole leaf surface. In addition to the mottling, sometimes there is a 
darkening of the central portion which is usually limited to either side of the 
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micl-'rib. The typical blisters formed on bottle gourd or cucumber are, how- 
ever, absent. 

Melon [cucumis melon L.). The symptoms are visible about eight days after 
inociilatioii. The first obvious symptom is the clearing of veins of the older 
leaves. Later the young leaves show light mottling which in some leaves is in 
the form of a reguiar pattern. The mottling may cover the whole portion of 
the leaf or may be restricted to a particular portion. The infected leaves may 
or may not be crumpled. 

Water-melon {CitruUus vulgaris Schrad), The infection does not occur 
so readily and the first symptoms appear approximately after 17 days. The 
youngest leaves show light mottling which is in the form of light green and 
dark green spots almost uniformly distributed over the whole surface. There 
is no wrinkling and distortion of the leaves. The symptoms are not much 
pronounced. 

Vegetable marrow {Cucurbita pepo D. 0.). The symptoms are first 
visible on younger leaves only. These show clearing of veins. Mottling 
usually starts at the apex and progresses inwards. In addition, small almost 
circular chlorotic spots develop wliich tend to fade when greater portion of the 
leaf becomes chlorotic. The subsequent leaves also show vein clearing toge- 
ther with apical and marginal chlorosis. Some leaves exhibit severe blistering 
or puckering between the veins as in the case of bottle gourd, others show 
downward curling of leaf margin and apex. 

Ill some plants, however, the first infected leaf may show vein clearing 
and excessive blistering between the veins but no chlorosis. The affected 
leaves do not show much distortion. 

Repeated efforts to transmit the disease to solanaceous plants such as 
tomato (Lycopersicum esculentum Mill. var. Buttons^ Early Market), Jimson 
weed {Datura Stramonium L.), pepper {Capsicum annuum^ L.), petunia {Petunia 
Vilm.) and tobacco {Nicotiana tabacum L. var. White Burley) were 
unsuccessful. In addition, cowpea [Vigna unguiculata (L.) Walp.], both black 
seeded and ordinary, and soybean {Glycine hispida Maxim.) remained free 
from any symptoms of the disease when inoculated with standard extract pre- 
pared from diseased bottle gourd leaves. 

Properties OF THE VIRUS 

Longevity m vitro. Pure juice prepared from the diseased bottle gourd 
leaves was divided into several lots of 5 c.c. each in test tubes which were 
stored in the laboratory. Young healthy bottle gourd plants were inoculated 
with samples of the stored juice at intervals of 24, 48, 72 and 96 hours. The 
temperature of the laboratory ranged between 28° and 37°C. during the expe- 
rimental period. The fresh juice was tested for its infectivity prior to storage. 
Controls were run side by side in each case by inoculating plants with the freshly 
extracted juice. 

All the stored samples of the juice failed to infect and produce any symp- 
toms of the disease showing thereby that within a period of 24 hours at labora- 
tory temperature the juice is rendered non-infectious. 

In a similar experiment pure j nice was replaced by standard extract which 
was stored at laboratory temperature as w^ell as at 20®C. for similar periods^, 
io, 24 to 96 hours but in every case the extract failed to bring about infection. 
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In another experiment standard extract from diseased bottle gourd plants 
was stored at room temperature (20° to 23-3°C. during the day) from 2 to 24 
hours and the stored extract tested on young bottle gourd plants. The results 
are given in Table II, 


Table II 


Effect of storage of vims at room temperature 




Number of plants 

Experiment 

storage period 

Inoculated 

Infected 

I 

Fresh standard extract . . . 

2 

2 


2'|hours 

3 

3 


4^ • * • * 

3 

2 


6 „ . . ... 

4 

0 


8 „ . . . • 

3 

0 


24 . . • 

2 

0 

n 

Fresh standard extract 

3 

s 


24 hours . • ■ • ■ • 

3 

0 


48 »*••***' 

3 

0 


72 „ . . . • • • 

3 

0 


96 „ . . . • 

3 

b 


'pj^e results given above show that the standard extract is rendered inno- 
cuous after being stored for six hours at room temperature. 

When the standard extract was stored at 5°C. for 24, 48, 72 and. 96 hours 
it was observed that after 96 hours storage the extract failed to bring about 
infection. It partially retained its infectivity after 7 2 hours, and gave 100 per 
cent infection after 24 hours, storage. 

Desiccation. The leaves of infected bottle gourd plants were dried at room 
temperature for a week and the extract prepared by grinding the leaf tissue 
which had previously been soaked in water in a pestle and mortar. To every 
gram of the dried material 2 c.c. of water was added. The crushed mate- 
rial was then pressed through muslin. The extract thus prepared failed to 
infect young bottle gourd plants. _ 

Thermal inactivation. Standard extract prepared from young diseased 
leaves of bottle gourd was divided into six samples of 5 c.c. each in thin walled 
glass test tubes of uniform size and capacity . Samples of the standard extract 
were exposed to 45°, 50°, 55°, 60° and 65°C, for 10 minutes in a water-bath, 
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Care was taken that the portion of the tube containing the extract was coin-' 
pletely im mersed in w’ater. The samples of extract immediately after exposure 
to the above temperatures were dipped in cold water. Bottle gourd plants 
(24 days old) were inoculated with the samples of extract thus exposed and 
with iinheated extract which served as check. The results of a typical experi- 
ment are given in Table III. 


Table III 

Thermal inactivation of the virus 


Exposure temperature 

Plants 

inoculated 

Plants. 

infected 

Untreated check ....... 

4 

4 

46 . . . A . 

4 

A 

60 

4 

1 

65 . . . ■ 

4 

1 

00 

4 

0 

66 . . ... 

4 

I 

0 


The results given above show that the activity of the virus falls consider- 
able when exposed to 50®C. whereas no infections are obtained with the virus 
exposed to 60°C. or higher. In 60® and 65®C* lots no symptoms of infection 
appeared even 31 days after inoculation. 

Effect of chemicals. Effect of 60 per cent alcohol, acetone and chloroform 
on the standard extract prepared from diseased bottle gourd plants was deter- 
mined by adding 6 c.c. of the above chemicals to 5 c.c. of the standard exfract. 
Samples of extract thus treated and the untreated control to which 5 c.c. dis- 
tilled water had been added were shaken for 10 minutes and young healthy 
bottle gourd plants inoculated with different samples. The inoculated plants 
were kept under observation for four weeks. Extracts treated with alcohol 
and acetone appeared to have lost their activity, as they failed to cause infec- 
tion, whereas the control extract reproduced typical disease within 11 days. 
Bottle gourd plants inoculated with extract treated with chloroform produced 
a burning effect on the plants so that it was difficult to read the symptoms. 

Inoculations of healthy bottle gourd plants with standard extract of dis- 
eased bottle gourd plants containing various strengths of mercuric chloride 
showed that the virus is inactivated by mercuric chloride in a strength of 
1 : 5000. The results of such an experiment are given in Table IV. 

Toleration to dilution. Leaves of young bottle gourd plants (15 days old) 
were inoculated with freshly extracted pure juice from diseased plant leaves 
as well as with juice diluted with sterilized distilled water in order to determine 
the effect of dilution on infectivity of the juice. The results of three ty pical 

experiments are set out ip Tafble V, * • 
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Table IV 

Effect of rnemimc . chloride on the cuMvity of the virus 


Number of plants 


Strength of mercmic chloride 

Inoculated 

Infected 

Nil (Standard extract full strength control) . . | 

6 .. 

6 

Nil (Standard extract diluted with water 50 : 50 control); 

6 

6 

1 : 10,000 . 

6 

5 

1 ; 6,000 . . . . • • ■ • i 

5 

0 

1 : 2,000 . . . • • ■ • • 

6 

0 

1 : 1,000 . . 

4 

0 


Table V 

Effect of dilution on infectivity 


i 

Dilution 

Experiment I 

J^]xperiment II 

Experiment III 

Number of plants 

Number of plants 

Number of plants 

Inoculated 

— 

Infected 

Inoculated 

Infected 

Inoculated 

Infected 

Nil (control) 

3 

3 

4 

4 

4 

.4 

.1 : 10 

3 

3 


— 



1 : 50 

3 

2 

- 

— 


— 

l':100 

3 

1 

4 

2 

4 

4 

1 :'"500 ^ 



— . 

4 

0 

3 

0 

,1 : 1,000 ' 


— 

4 

0 

3 

0 

1 : 2,000 . . . 


— 

I 4 , ^ 

0 

i ^ . 

0 

1 : a, 000 . 

"V — ' 

— 

! . 4 

0 

1 I 


1 : 4,000.'. 


— 

4 

, 0 

1 — , ^ 

— 

1 :.5,000"., 

3 ' 

, 0 

4' : 

0 

1 — 


1 : 10,000 

3 

0 ' 



: , — , 

i 1 



— denotes not tested 


The results show that the virus is completely inactivated at and above 

dilutions of 1 : 500. , ~ ■, 

Filterability. Standard extract j)repared from diseased bottle gourd 
plants was filtered through filter paper, filter paper impregnated with diatom 
dust and Pasteur Chamberland filters of grades Li, Lg and L 5 . In the case 
of Chamberland filters the filtrations were always carried out under reduced 
pressure of 1/5 atmcepheric. Infectivity of the filterates was tested on young 
healthy bottle gourd plants in the insect-proof house. 

The experiment with each of the above filters was repeated at least tlnee 
times. Typical results are recorded in Table VI. 
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Experiment Date 


Table VI 

Filterabiliiy of bottle gourd virus 

i 

I 

i Inoculum 


Number of plants 


I Inoculated Infected 


i Aug. 1941 


) Aug. 1941 


. Dec. 1941 


1. Unfiltered standard extract . 

2. Filtered standard extract — 

(а) Filter paper (Whatman’s 2) 
filtrate .... 

(б) Filter paper impregnated 
with diatom dust filtrate . 

1. Unfiltered standard extract . 

2. Filtered standard extract— 

(a) Filter paper (Schutz 613) 

filtrate 

(5) Chamberland Candle Li fil- 
trate .... 

(c) Chamberland Candle L3 fil- 
trate 

(d) Chamberland Candle Ls fil- 
trate . . 

1. Unfiltered standard extract . 

2. Filtered standard extract 

(a) Filter paper (Schutz 613) 
filtrate . 

(b) Chamberland Candle 
filtrate 

(c) Chamberland Candle L3 
filtrate . 


The results given in Table VI show that the standard extract from infected 
bottle gourd plants during passage through filter paper loses a greater part of 
its active infective principle. The virus fails to pass through Chamberland 
filters of different grades, i.e. Lj to L 5 and even through filter paper impreg- 
nated with diatom dust. 

Transmission. Bottle gourd mosaic virus is readily transmissible by the 
sap. An experiment was conducted to find out whether the virus is transmis- 
sible through seed. A few young healthy bottle gourd plants growing in the 
insect-proof house were infected with the virus and transplanted in an open 
field when the infection had become systemic. The seeds of fruits borne by 
such plants were collected and sown in pots. Over 200 plants raised from seeds 
of diseased plant fruits appeared to be normal and remained free from any 
symptoms of the disease showing thereby that the transmission of the disease 
through seed does not occur. 

From the observations recorded in this paper it is evident that bottle 
gourd mosaic is a virus disease and is readily transmissible by mechanical 
inoculation sap. The host range of the virus appears to be narrowly 
restricted. The virus fails to pass through Chamberland filters or filter paper 
impregnated with diatom dust. Infectivity of the virus is lost within six 
hours when stored at room temperature (20® — 23*3®C.). Exposure to 60°C. 
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for 10 minutes renders it npndnfectious. The virus is completely inactivated 
at a dilution of 1 : 500. Inactivation of the virus is also brought about by 
50 per cent alcohol or acetone in 10 minutes and by mercuric chloride in a 
strength of 1 : 5000. 

' Bottle gourd virus is similar to Gucumis virus 1 [Doolittle, 1920] regarding 
filterability through Chamberland filters and thermal-death-point but differs 
regarding its host range, longevity in vitro and dilution-end-point. The virus 
like Cucumis virus 2 [Bewley, 1926] is unable to infect solaiiaceous plants but 
differs from Cucumis virus 2 in all other important properties. 

It is proposed to call the bottle gourd mosaic virus Cucumis virus 3 (Smiths^ 
classification). The properties of the three viruses are compared in Table VII. 

Table VII 


Properties of the Cucumis viruses com^Mred 



j 

1 Cucumis virm 

1 

1 

i Cucumis virus 

i 2 

i i 

1 

! 

Bottle gourd 
virus 

Longevity in vitro (room tempera- 

72 to 96 hours 

j 

One year or Ion- 

j Six hours 

ture) 

Filterability (Chamberland filters) . | 

Not filterable 

ger 

Filterable 

Not filterable 

Thermal inactivation 

60® and 70®C. 

90®C. 

i 60®C. 

Dilution -end-point 

1 : 10,000 

Not recorded . 

1 1 : 600 ■ _ 

Resistance to 60 per cent alcohol 

Inactivated in 

Not inactivated 

; Inactivated in 

one hour 

in on© hour | 

10 minutes 

Infection of soianaceous plants 

i- 

■ — i 

■ — 

Infection of cowpea 

«L 

— 

' — 

Infection of vegetable marrow 

! 

-J- 

—— , 1 

JL 


4- = positive — = negative 

Summary ^ ■ 


A new virus disease of bottle gourd {Lagenaria vulgaris Ser.) is described. 
The virus has a limited host range and is highly sensitive so much so that 
storage for six hours at room temperatime renders it innocuous. The virus 
loses infectivity at a dilution of 1 ; 500 and exposure to 60'^G. for 10 minutes is 
sufficient to destroy the infective principle. The virus is held back during 
passage through Chamberland filters and its infectivity is greatly impaired 
during passage through filter paper. It is proposed to call the virus Cucumis 
■wm 3;,, 
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STUDIES ON THE COTTON JASSID {EMPOASCA 
DEVABTANSm^TAMU) IN THE PUNJAB 

III. EFFECT OF JASSID INFESTATION ON THE DEVELOPMENT AND 
FIBRE PROPERTIES OF THE COTTON PLANT* 

BY 

MOHAMMAD AFZAL 
S. RAJARAMAN 

AND 

MANZOOR ABBAS 
Cotton Besemch Ldborcttory, LyaS/jgur 

(Received for publication on 23 February 1942) 

I N the previous two pubKcations of this series [Varma and Afzal, 1940 
and Afzal, 1941] the development of the pest on different varieties of 
cotton and the methods used in breeding resistant varieties were discussed. 
It is now proposed to examine in some detail the effect of jassid attack on 
the cotton plant. 

Literature on this aspect of the problem is very scanty. We have been 
able to find only two references on this subject. The first one is that of 
Parnell [1925-26] who mentions in general terms that ‘with the reddening of 
the plant, development ceases, squares and very young bolls are shed, partly 
developed bolls ^y up and only those that are nearing maturity ripen off 
and open naturally. A certain proportion of the latter always produces weak 
lint, due to their development having been arrested at too early a stage 
Sloan [1938] also mentions the retardation of plant development and shedding 
of buds and young bolls with the jassid attack. ‘ Immature bolls develop 

poorly and produce wasty Mnt Ip a mild outbreak the quality of 

lint is not as good as that from iminfested plants ’. Figures are not, however, 
given by either of the authors and it is diificult to picture the extent of the 
damage done to the plant. It was, therefore, considered necessary to assess 
the extent of damage done by jassids to the development and the fibre pro- 
perties of the cotton plant grown at Lyallpur. 

MatbeiaIi and methods 

This study was carried out by growing plants in jassid-proof cages. As 
the number and size of cages was limited, in the beginning only a few plants 
of one variety could be grown in one year. During 1940, however, more and 
bigger cages were employed and the number of varieties and plants under 
experiment were consequently increased. 

*Pai‘t I published m the Indian J. agric, ScL, VoL 10, Part VI,1940 
Part II read at the 2rid Conference of the Scientific Besearch Workers on Cotton in 
India, I. C. 0. 0., January 1941 

The present paper was presented to the Indian Science Congress, Baroda, January, 

d,.942'^ ^ ■ 
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During 1938, six plants of 38F, a highly susceptible variety of Punjab- 
American cotton, were raised in each of the two cages. One cage was kept 
free of infestation and in the other a very high degree of infestation was main- 
tained throughout the season by artificially liberating a large number of jassid 
nymphs. During 1939, the same procedure was adopted for a highly resistant 
variety, namely P«A 289F/43, The only difference was that this year four 
plants were grown in each cage. The size of the cages in these two years 
was 6 ft. X 6 ft, X 6 ft. During 1940, the experiment was repeated with 
two susceptible (38F and 289F/K.25) and two highly resistant (289F/43 
and L.S.S) varieties of Punjab- American cotton. Four plants of each of these 
varieties were grown in jassid proof cages (6 ft. x 6 ft. x 6 ft.) and kept free 
of any attack while about 20 plants of these varieties were grown in other 
cages (size 16 ft. x 16 ft. x 8 ft.) w^here the infestation was kept up artificially 
as before. Since these latter cages were much bigger than the jassid proof 
cages they may have proved of some advantage to the plants grown in them 
The plan of the experiment is given in Table I, 

Table I 

Plan of the experiment 


I 


Resistant or 

Number of plants in 

Year ; 

1 

1 

1 

Variety 

susceptible 
to jassids 

Cage kept free 
of infestation 

Cage infested 
with jassids 

j 

1938 i 

■ 

38F . 

Susceptible 

6 

6 

1939 j 

P-A 289F/43 ‘ 

Resistant . 

4 

4 



"38F . . . i 

SnsceptibJe 

4 

21 

1940 


P-A 2S9F/43 

P-A 289F/K..25 

Resistant . 

Susceptible 

4 

4 

21 

22 



^ P-A L.S.S 

Resistant . 

, 4 

20 


Sowing was done towards the end of May each year and both the cages 
were treated alike for all cultural operations. Artificial infestation was 
started from about the middle of July and continued up to about the end of 
October each year and a jassid population of about 200 to 300 nymphs per 
plant was maintained throughout this period. 

Records of weekly growth in height of the main stem and the daily 
rate of flower and boll production were maintained during 1938 and 1939. 
No such data are available for 1940. The produce of each plant was picked 
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and ginned separately for each year and the ginning outturn was calculated. 

The fibre properties were also determined. , , , d , i, v . 

The various records will now be dealt with m detail, but it should be men- 
tioned at the verv outset that as the plant population was small, the experi- 
mental error mav be expected to be high. The very high cost of jassid proof 
cages did not allow us to deal with a larger number of plants. In the case of 
developmenc records a further drawback arose in that data for only two years 
were available. 

Results 


Growth in height 

The weekly growth in height of both the varieties in the infested and the 
iasrid-free caves was measured. The figures along with their statistical 

SerpretationLra given in Table 11. 

Although the records on the susceptible and the resistant varieties were 
taken in two different vears, yet certain interesting deductions could be 
lAde from Table II. By apptying the equation H = Aei» [Afzal and Iyer, 
19341 we find that the relative rate of growth ‘b’ was sigmficantly smaller 
in the infested plants of the susceptible variety (38F) than in those kept free 
while in the case of the resistant variety (289F/43) there was no such 
difference. Thus it will be seen that whereas a heavy infestation of jassids 
on a susceptible variety significantly reduced its rate of growth, an apparentlj^ 
equallv bigh infestation on a resistant variety had no such effect. It must, 
how^ever, & stressed that the ideal plan would have been to perform these 
experiments on the susceptible and the resistant varieties in the same 
season. Since the two varieties were grown in two different years, the effect 
of the seasonal factors cannot be easily brought out. 

Flower and boll 'production 

The fiower and boU counting was done every day and the results are 
.summarized in Table III. 

Here again it will be seen that the differences in the number of flowers 
and bolls produced in the case of infested and free plants of the susceptible 
variety were statistically significant ; the infested plants produced a definitely 
.smaller number of flowers and bolls than those kept free of attack. In the 
case of the resistant variety, on the other hand, there was no significant 
difference in the number of flowers and bolls produced by the infested and 
the free plants. The difference in the shedding percentage of bolls was non- 
significant in both the cases. 

The hapas (seed cotton) picked from each plant was weighed and giimed 
separately and the average weight of kapas per boll and the ginning outturn 
were determined in each case. It will be seen from Table III that in the case 
of the susceptible variety, although there was no statistical difference in the 
average weight of hapas per boll, the shedding percentage and the ginning 
outturn of the infested and the free plants, the total amount of kapas per 
plant was, however, significantly more in the free plants. In the case of the 
resistant variety there was no such difference in any of these three characters 
between the infested and the [ree saniples. 
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Table II 


Average increase in height {cm,) of infested and free plants in 193S and '1939 


Weekending 

1938-Variety-38F susceptible 
to jassids 

Average for plants in cage 

1939-Variety-289F/43 resis- 
tant to jassids 

Average for plants in cage 


Free 

Infested 

Free 

Infested 

Initial height on— 
July 5 . . . 

14*8 

20 -9 

66*1 

54*9 

July 12 . . • 

8*9 

6-6 



July 18 . . 

13 -5 

8-1 



July 25 . 

13*0 

7-5 

14*5 

14*8 

August 1 

11 -2 

6-6 

9*0 

6*2 

August 8 

11 *4 

5-4 

13*6 

7*5 

August 15 

10-3 

5 *8 

14*8 

7*7 

August 22 

11 -4 

4-5 

14 :1 

4*3 

August 29 

11 -8 

5 -0 

12*5 

7 *8 

September 6 • 

17-0 

8*3 

8*6 

12 *3 

September 12 . 

16-5 

13*4 

10*9 

12-3 

September 19 . 

9-1 

9-7 

9*0 

■ 5*5 

September 26 . 

8-7 

6*4 

8 *8 

4*1 

October 3 

13-4 

1 11-2 

4*7 

1*4 

October 10 

6-7 

8*4 



October 17 

7-3 

3 '3 ! 

■ ■ ■ . 



Mean 

11 -35 

7*35 

10*95 

7*63 

Total height attained 
(cm.) , 

j 

185-0 

131*1 

186*6 

138-8 

Equation {H 

0*1499i 
23 -Soe 

0*114Ui 

24 -766 

0*0&28« 
69 *076 

0*08U« 

58*05e 

Relative growth rate 

0-1499 

0*1140 

0 *0928 

0*0811 

S. E. of ‘ 6 ’ . 

±0*01386 

} ±0*006242 

±0*006678 

±0 *005293 
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Fibre properties 

From the 1938 experiment, 12 samples of lint of 38F, six from the control 
and six from the infested cages were available for tests for fibre characters. 
In 1939, there were 8 samples of lint of P-A 289F/43, four from the control 
cage and four from the infested one. In 1940, whereas samples of lint from 
4 plants each of the Punjab-American varieties : 38F, 289F/K.25, 289F/43 
and LS.S., from the control cages were available, the number of samples of 
lint available from the cages infested with jassids were 21 from 38F, 22 from 
289F/K.25, 21 from 289F/43 and 20 from L.S.S. (Table I). The disparity in 
the numbers of samples from the control and infested cages was too high and, 
to reduce this disparity, lots were drawn choosing perfectly at random six 
samples from the infested cage in each of the above-mentioned four varieties. 

All these samples were tested for the following fibre-characters. 

{a) Mean fibre length 
(6) Modal length 

(c) Fibre-length irregularity (per cent) 

{i) Mean fibre-weight per unit length 
(e) Percentage of mature fibres, and 
(/) Highest standard warp counts. 

The methods followed in the determination of the first four characters were 
the same as described by Ahmad [1933] and in the determination of the 
percentage of mature fibres, the method of Gulati and Ahmad [1935] was 
adopted using their new device for mounting fibres [Ahmad and Gulati, 1936]. 
The first five fibre-characters were converted into a quantity highest standard 
warp count (H.S.W.C.)’ according to an equation given by Ahmad [1941], 
The H.S.W.C. serves to indicate in a single term the spinning quality of a 
cotton. However, as in the present case, it was not determined as the 
result of actual spinning tests but was calculated from the fibre-properties, 
the value obtained should be ragarded as approximately correct. These 
data are presented in Table IV. 

The iiferences in the average values of fibre-characters of samples of lint 
from the control and the jassid-infested cages were examined for statistical 
significance by the Student’s ‘ t ’ method [Fisher, 1932]. The average values 
of fibre-characters in samples from the control and jassid-infested cages, the 
differences between them, the corresponding ‘ t ’ values and their significances 
are brought out in Table V. 

In the case of 38F, a variety highly susceptible to attack by jassids, it 
was found in t’ e 1938 experiment that the mean and modal lengths in samples 
from the jassid-infested cage were significantly lower than those in samples 
from the control cage. The fibre-length irregularity was similarly higher 
in samples from the infested cage. The mean fibre-weight per unit length 
and percentage of mature fibres were not significantly different from one 
another even though the samples from the control cage recorded uniformly 
higher values for these characters. The calculated H.S.W.C. in samples from 
the control cage was significantly greater than in samples from the mfested 
cage. On the whole, it could be stated that the quality of lint in samples 
from the control cage was better than that in the infested cage. 
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Table IV 

control cage Infested cage 


Year Variety 


1938 . P-A38F 


1939 , F-A 289F/4:3 , 


1940 P*A 38F 


1 2-55 

2 ! 2*35 

3 2*52 

4 2*49 

5 2*33 

6 2*42 

1 2*50 

2 2*43 

3 2*50 
4. 2*33 

1 2*07 

2 2*23 

3 2*25 

4 2*19 


1940 P-A 289F/K.25 


1940 P-A289F/43. 


1940 P-A L.S-S. 



1 2*12 

2 2*24 

3 I 2*43 

4 I 2*30 


1 2*40 

2 2*37 

3 2*22 

4 2*24 


1 I 2*28 

2 2*34 

3 2*20 

4 2*17 


2*25 23*9 

2*48 26*4 

2*80 20*5 

2*61 21*0 


2*74 29*8 

2*71 25*2 

2*47 26*7 

2*30 21-9 


2*60 25*0 
2*61 22*7 

2*44 25*6 

2*37 22*6 


gga 1 

Q Sq: 
"S S as 4 I f 

^ So pi: 

Pi ® *3 

"sk 2 « 

H.S.W.C. 

! (calculated) 

! , 

' 0 

4 a 

i 

, p 

: S 

1*69 58 

44*1 

1 

1*34 23 

39*9 

2 

1*70 61 

44*8 

3 

1*72 59 

42*3 

4 

1*42 50 

40*7 

5 

1*67 50 

40*4 

6 

1*64 63 

45*0 

1 

1*53 43 

41*3 

2 

1*46 36 

43-7 

3 

1*60 47 

38*3 

4 

1*56 57 

32*1 

2 

1*93 76 

33*7 

3 

1* 90 76 

34*6 

C 

1*88 78 

33*2 

13 



18 



21 

1 • 71 58 

31*9 

2 

1*67 49 

35*0 

9 


1*73 53 

1*55 43 


1*37 34 

1*66 47 

1*85 46 

1*43 39 


1*50 47 

1*69 53 

1*18 13 

1*52 35 


40*1 12 

37*3 13 ! 


42*3 3 

38*9 5 

32*2 6 

37*0 15 

19 
23 

37*3 1 

37*7 2 

37*0 5 

33*8 16 


Modal length 

1 (cm.) 

"“’ft 

Is. 

»» d) ( 

§5 • "s, 

^ spa a 

li^S 

|RS |£ 

• 

CD 

Q 

.l>o 

3 

" W'-' 

2*65 

23*5 

1 • 77 48 

1 35 “6 

2*66 

24*8 

1 • 63 55 

38*9 

2*37 

25*4 

1*30 41 

36* 5 

2*62 

I 24*1 

1*53 49 

39*9 

2*72 

! 

1 24*7 

1 • 69 66 

40*1 

2*66 

25*5 

1*54 41 

37*7 

2*88 

1 22*5 

1*99 71 

41-3 

2*70 

24*9 

i 1*55 52 

41*9 

2*60 

20*1 

1*47 49 

41-0 

2*75 

18*6 

,1*64 59 

44*7 

2*19 

22*9 

1*62 43 

32*1 

2*22 

23*7 

1*56 36 

31*9 

1*87 

18*4 

1*46 89 

26*7 

2*21 

23*0 

1*77 55 

30*3 

2*22 

23*4 

1*71 47 

30*4 ■ 

1*92 

15*8 : 

1*67 67 

28*5 

2*46 

23*7 

1*90 55 

31*5 

2*09 

16*1 

1*93 44 

22*7 

2*25 

27*7 

1*36 26 

33*2 

2*14 

24*6 

1*43 26 

28*8 

2*45 

23*9 

1*52 48 

36*5 

1*89 

16*4 

1*20 6 

26*0 

2*77 

22*7 

1*62 52 

42*9 

2*83 

26*3 

1*66 45 

43*5 

2*66 

25*7 

1*87 57 

37*8 

2*69 

26*9 

1*77 58 

39*7 

2*85 

26*0 

1*84 66 

41*9 

2*21 

21*5 

1*78 .49 

31*6' 

2*40 

19*9 

1*73 ''55 

33^1 " 

2* 52 

19*3 

1*90 79 

'35*6" 

2*38 

18*0 

2*08 69 

30*4 

2*62 

20*3 

1*62 56 

39*9 

2*22; 

13*7: 

l*'82;,5l 

27*5,- , 

■:2* 56 / 

23*6 

1*63 42 

35*5 
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Repeating the experiments in 1940, it was found that the mean fibre- 
length in samples from the control cage was higher than in samples from the 
infested cage, though the ‘ i ' value of the difference in the two average values 
was just a little lower than that for the 5 per cent level of significance. The 
trend of the difference being in the same direction as in 1938, this difference 
can also be considered as significant. The modal length and percentage of 
mature fibres of samples from the control cage were significantly greater than 
in samples from the infested cage and the mean fibre-weight per unit length 
was higher in the control cage than in the infested one, the ‘ t ’ value of the 
difference in this case also being just lower than that for the 5 per cent level 
of significance. The fibre-length irregularity percentage was not significantly 
different in samples from the control and infested cages. The calculated 
H*S.W.C. in samples from the control cage was significantly higher than that 
in samples from the infested cage. The above study leads, therefore, to the 
conclusion that in P-A 38F, highly susceptible to jassid attack, the quality 
of lint deteriorates significantty due to attack by jassids. 

This observation was further corroborated by the study in 1940 of the 
fibre-characters of P-A 289F/K. 25, also highly susceptible to attack by jassids. 
The mean fibre-length in samples from the infested cage w^as significantly 
lower than in samples from the control cage and the modal length also was 
lower in the infested than in the control cage, though the ‘ t ’ value of the differ- 
ence in this case was slightly lower than that for the 5 per cent level of 
significance. The trend of the difference being in the same direction as in 
the case of 38F, this difference can also be considered as significant. The 
fibre-length irregularity percentage, the mean fibre-w^eight per unit length and 
the percentage of mature fibres were all higher iii samples from the control 
cage than in those from the infested one, even though the differences in the aver- 
ages were not statistically significant. The calculated H.S.W.C. was higher 
in samples from the control cage than in those from, the infested one. The ^ t * 
value of the difference in the averages, being in this case also slightly less than 
that for 5 per cent level of significance, can again be treated as significant. 
It may, therefore, be concluded that, on the whole, a variety, susceptible to 
jassids, suffered a deterioration in the quality of its lint by an attack of 
jassids. 

In both the years, 1939 and 1940, in which the highly resistant variety, 
P-A 289F/43, was under study, no significant difference was observed in 
respect of any of the six fibre characters studied in the samples of lint from 
the control and infested cages, excepting the percentage of mature fibres, 
which in 1940, was significantly ^higher for samples from the infested cage 
than for samples from the ccntrol cage. It might also be pointed out that in 
both the years, the mean fibre-length, modal length, mean fibre-weight per 
unit length and percentage of mature fibres were higher, though not signi- 
ficantly, in samples from the infested cage than in those from the cbntrol 
cage. " This is contrary to what should ordinarily be expected in view of the 
conclusions arrived at in the previous two cases of susceptible varieties. 
It could be stated, therefore, that the P-A 289F/43, resistant to jassids, suffered 
no deterioration in its lint quality in spite of an intense infestation with 
jassids. ■' ■ 

This conclusion, in respect of the jassid resistant variety, P-A 289F/43, was 
borne out by the study in 1940 of the fibre-characters of P-A L.S.S., a variety 
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' also jassid resistant. The average values of niean fibre -Iciigtli, modal length 
and calculated H.S.W.C. were not significantly different in samples from the 
control and infested cages. The fibre-length irregularity percentage was 
significantly higher in samples from the control cage and the mean fibre- 
weight per unit length similarly lower in samples from the control cage : the 
percentage of mature fibres was lounr in samples from the control cage than 
in those from the infested cage, the ‘ t ' value for the difference in the avera;ge 
of this fibre-character being just short of that for the 5 per cent le vel of signifi - 
cance. The mean fibre-weight per unit length and percentage of mature 
fibres were, quite contrary to what should ordinarily be expected, higher in 
samples from the infested cage than in those from the control cage. In 
the caseof P-A L.S.S. also as in the case of P-A 289F/43, both varieties resis- 
tant to jassids, a severe infestation with jassids produced no deterioration in 
lint quaiitj^. 

No suitable explanation can be suggested for the very slight improvement 
of lint quality under severe jassid infestation in the case of both the resistant 
varieties (289P/43 and L.S.S.). It must, however, be made clear that no im- 
provement in lint qualitj^ may be expected as a result of jassid attack on the 
resistant varieties under the general agricultural conditions. 

Discussion 

The present investigations on the effect of jassid attack on the develop- 
ment of the cotton plant and its fibre properties have revealed a very important 
phenomenon in that the effect of high infestation did not seem to interfere with 
the fibre properties and development of the plant of a resistant variety under 
Lyallpur conditions. In the case of a susceptible variety, on the other hand, 
both the development and the fibre properties were seriously interfered with 
by jassid infestation. Sxich a differential behaviour of the susceptible and 
resistant variety has, so far as we are aware, not hitherto been recorded. 
Although the growth and flowering records were taken on the susceptible 
and the resistant varieties in two different years, the seasonal variations 
alone were not probably the main factors responsible for the observed 
differences in the two varieties. 

It must here be mentioned that the external symptoms of jassid attack—- 
crinkling and reddening of the leaves— were quite pronounced even 'when the 
resistant varieties were under experiment. This showed that the drain on 
the cell sap was quite appreciable, but these varieties were able to tolerate 
this drain much better than the susceptible varieties. 

It has always been stressed that no variety of American cotton should 
be released for general cultivation by the Piinjab Department of Agriculture, 
unless its resistance to jassids has been fully tested. That this is a very 
sound policy is now further proved by the present investigations. The pre- 
sence of jassids in quite large numbers has sometimes been observed in tracts 
where the resistant varieties have been sown, almost to tlie exclusion of any 
other variety and doubts have sometimes been expressed tliat these cottons, 
although resistant under normal conditions, might suffer in abnormal years 
when the jassids were pre.sent in large numbers. The causes which lead to 
the prevalence in large numbers of jassids in certain years and their virtual 
absence in others have not so, far been elucidated, but the present investigations; 
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have shown that the risk of deterioration, both in quality and quantity, is 
reduced if the cultivator resorts to sowing the resistant varieties recommended 
by the Punjab Department of Agriculture. 

Summary 

The effect of a heavy jassid infestation has been studied both on resistant 

lod susceptible varieties "of Punjab-American cottons. ■ . *. i 

It has been shown that a heavy jassid infestation has been mstrumental 
in reto tSyowth in height of the main stem, number of flowers produced, 
mmber of bolls opened and^the total weight of hapas per plant m the case 
of suscepting vari&ies while no such ill effects were noticed in the case of a 

resistant variety. 289F/K.2.5, highly susceptible to jassids, 

the Quality of lint suffered, in general, a deterioration by a heavy iiffestation 
r • The mean fibre-length of both the varieties was lowered signifi- 

es) rrHvbv the infestation, while the mean fibre-weight per unit length and 
percentage of mature fibres also recorded a reduction, though not statisticaUy 

significant sign^ant 

deterior^tfon was observed in any of the fibre-characters studied and, hence, 
in lint quality in general, in spite of a heavy infestation of jassids. 
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Preface 

O NE of the first tasks of the Section of Agricultural Meteorology at the 
Meteorological Office, Poona, soon after its formation in 1932, was to 
examine the yield data available at the experimental farms in India and if possi- 
ble to correlate them with weather factors. A preliminary examination of the 
data showed that in most of the experimental farms in India attention had been 
confined so far to manurial and varietal experiments and that even yield data 
falling under the category of what may be called ‘ farm averages ^ where the 
yields of all varieties and treatments are lumped together and averaged, 
were then available only for periods up to 10 or 15 years. The only place 
where data relating to the same variety and similar treatment were available ^ 

for a comparatively long series of years was the Cawnpore Experimental Farm 
where experiments on wheat [Kalamkar and Singh, 1935] had been in progress 
continuously during the period 1885 — 1913. 

About this time the Agricultural Meteorology Committee in Great Britain 
under the leadership of Prof. R. A. Fisher had conceived the idea of collecting 
what has been called ‘ precision observations ’ on wdieat by applying the new' 
methods of random sampling. The observations aim at tracing the entire 
life-history of the crop from the date of sowing to the date of harvest together 
with the variations in the climatic environment of the crop during the season 
at a selected number of centres for a series of years. An account of this work ^ 

wi 1 be found in [Russell and Watson, 1940] Technical Communication No. 40 
of the Imperial Bureau of Soil Sciences. 

In India we decided to develop the sampling technique suitable for some 
of the important crops on the Hnes of the British scheme. Short crops like 
wheat and rice were experimented with during the last few years w’-hile work on 
the taller crops like jowar and sugarcane has been started a couple of years 
ago. In work of this nature an initial period of experimentation and trial is 
absolutely essential for deciding upon a final and satisfactory procedure for 
estimating the growth and yield of different crops. It may be said that so far 
as short crops like wffieat and rice are concerned the ' initial ’ period is almost 
over ; with regard to the taU crops we are still passing through that period. 

During the next feW' years when the prehminary work is completed wn shall be k 

in a position to fix the most suitable sampling technique for different crops. 
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This work has now assumed a certain amount of urgency and importance 
in/view of the fact that agriciiltiiral institutions and wwkers in India are realiz- 
ing that the old methods of crop estimation will have to give way before the 
modern objective methods. At a recent meeting (February 1942} of the Board 
of Agriculture and Animal Husbandry in India one of the important subjects 
discussed was the need for starting of weather and crop observations on a 
systematic basis at a number of centres representative of the important crops 
of the country. We are thus faced with the problem of laying the foundations 
in India of sound crop and weather statistics. 

The present paper deals with the precision observations on rice recorded 
at Karjat during the last few years according to a scheme prepared by the 
Agricultural Meteorology Section at Poona. Dr B. S. Kadam, the Crop Bo- 
tanist to the Government of Bombay, was very enthusiastic in arranging for 
these observations at Karjat and his cooperation has been invaluable. Dr 
R. J. Kalamkar was responsible for the scrutiny of the data and the guidance 
of the computors up to 1937 ; later this side of the work w^as continued by 
Messrs. V. Satakopan and S. Gopal Rao. The introduction dealing with the 
general geographical and agricultural features of the Karjat area has been 
contributed by Dr Kadam. The investigation is an example of healthy co- 
operation betw^een the Crop Botanist to the Government of Bombay (Dr Kadam) 
and the w^orkers on agricultural meteorology at Poona. The paper is the restili 
of team work in which all the authors have contrib'iited more or less equally. 

In concluding this preface I must record my grateful thanks to the 
Director of Agriculture, Bombay Province, for the cooperation extended 
through Dr Kadam and to Dr C. W. B. Normand, Director General of Obser- 
vatories, for his keen interest in the progress of these pioneer investigations. 

L. A. RAMDAS 

Agricultural Meteorologist, Poona, 
Intbobxjction 

R ice is the third important staple crop in the Bombay presidency. Its 
cultivation extends from one end of the province to the other and is con- 
fined mostly to the coastal areas. Compared to the major rice-prcducing 
provinces, the acreage in the Bombay presidency is very small, being only 
20,00,000 acres. This area produces roughly 8,00,000 tons of rice, an amount 
which is insufficient to meet the entire demand of local consumption. Bombay 
is therefore a deficit province, and has been depending mostly on Madras and 
Burma to supplement the local production of rice. 

Although the aggregate acreage under rice in the province is small, it is 
distributed over a length of 640 miles, thus presenting extraordinary variations 
of soil, climate, varieties and agricultural practices. The whole area, therefore, 
groups itself into distinct zones. These are (1) Gujarat, (2) North Konkan, 
(3) South Konkan, (4) Maval, (o) Malnad, and (6) Kanara. In view of the 
variety of conditions in which the rice crop has to grow the Department of 
Agriculture in Bombay has devoted considerable attention to the genetic 
improvement of this crop. At present there is a string of five rice-breeding 
stations throughout the length of the province and it is contemplated to add 
three more stations in the near future. 
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The most important rice-growing zone, from the point of acreage and ex- 
port of local rices, is north Konkan. It comprises the districts of Tliaiia and 
Kolaba and Bombay suburban districts. The &st rice-breeding station was 
opened at Karjat in the Kolaba district in the year 1919. This station has 
developed a large number of improved strains from, the famous Kolamba rice. 
These are now spreading very extensively in the north -Konkaii zone. The 
Rice Breeding Station at Karjat is the premier station in the province and has 
devoted also considerable attention to ancillary problems concerning rice 
cultivation. Our studies were conducted at this station. In order that the 
reader may gain a proper perspective of the general rice cultivation in this 
part of the province of Bombay, a brief description of tlie environment and 
cultural methods of rice cultivation is presented here. 

Climctte and rainfalL There are four distinct seasons. The cold season is 
from November to March. During this |)eriod the temperature at Karjat 
dming the day varies from 6 r E. in the morning to 95° F. in the afternoon. 
The cold spell is followed by the hot weather, lasting from April to June. 
During these months the temperature often touches the 116°r. mark. The 
heat is very oppressive. The month of April is the hottest. 

The onset of the monsoon in June brings the long awaited relief from the 
summer heat. The rainy season lasts up to the end of September, and in some 
years extends into the month of October. During this month the weather is 
damp and very hot. 

The rainfall in the district varies from 90 to 150 in., heavier rainfalls being 
confined to the foot of the hills of the Western Ghats. The months of July and 
August are the wettest receiving over 64 per cent of the total rainfalL The 
average rainfall for the period 1931-40 is 138 in. at Karjat. The distribution 
of rainfall is very important during the growing period of the paddy crop. 

Soils. The rice soils in the north Konkan are derived from trap and are 
mainly of two kinds. The high-lying shallow and reddish types of soils support 
earlier ripening varieties of rice, and when the soils are very poor they give way 
to lesser millets such as vari or nachani. 

The heavier rice soils are situated at a low^er level, usually in the valleys 
or the plains. These soils are blackish or dark brown in colour. Being more 
retentive of moisture they are suitable for mid-late and late varieties of rice. 
The upper layers of these soils receive washings from the hills or uplands. In 
depth, therefore, the soils vary from 6 to 18 inches. The upper layer is over- 
laid on murum or disintegrated rock ; hence the drainage is very good. 

Soils in north Konkan are generally considered deficient in nitrogen, but 
have sufficient supplies of potash, ph osphoric acid and other minerals to stipport 
normal growth of rice. 

MethodxS of cultimf ion office. Throughout north Konkan, rice is grown as 
a cultivated and as a transplanted crop except wffien grown on salt lands and 
in summer. Seedlings required for transplanting are raised in nurseries with 
specially prepared seed beds. Throughout the off season the faimexs prepare 
these beds which are carefully covered with layers of dry cow'dung pieces and 
litter of dry leaves and branches and dry grass. The whole is fired some time 
before the month of June, leaving a friable seed bed. After this, the cultivator 
waits for the first showers of rain. With the setting in of the monsoon, in the 
beginning of June, rice seed is broadcasted and mixed in with the soil by light 
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^ .pIougMng. Sometimes faTiiiers sow seed in. diy seed-beds before anyraios 

are received. , 

■ Under normal conditions, .seedlings are ready for transplanting in three to 
four weeks. The seedliiigvS are transplanted in Wnches.of 10 to' 15 .seedlings 
in well-puddled fields. Tim bunches are set at random., but the distance usually 
varies from 9 to 12 in. and even up to 18 in. in very heavy soils. It takes about 
a fortnight for the new crop to set in. After this period weeding is. usually, 
done.. 

The early crops commence to fiorver during the month of September, 
while the late ones do >so in the beginning. of October. Flowering is a critical 
period in the life of the plants and if it rains heavily at this time the filling of 
the grains is affected. The grain matures in three to four weeks, the earlier 
varieties requiring a little longer time than the late ones, as later in tlie season 
the temperature being higher the crop ripens faster. 

The early varieties ripen in October and the late varieties in November. 
The crop is harvested by hand and laid up in sheaves. It is allowed to remain 
in the fields for about two days and then gathered up in bundles. The bundles 
are carried to the threshing yard and stocked with ears towards the centre of 
the stack. The top of the stack is covered up with straw or some other 
material in such a way that rain water runs off easily. The stacks are built 
on a wooden or earthen platform. 

I The crop is threshed in small bundles by striking against a wooden bench. 

1 Rice grain sepaimtes easily and a few strokes suffice to loosen all the grain from 

the bundle. If the variety is hard to thresh, the grain is separated by treading 
i under bullock’s feet. The grain is dried well for storing. 

The yield of rice varies considerably from tract to tract since soil and 
I season, variety and intensity of cultivation play an important part in 

] determining the yield. Early varieties usually give an outturn ranging from 

1000 to 1800 lb. while late varieties usually yield 2000 to 3200 lb. per acre. 

PUECISION OBSEBVATIONS ON BICE 

BanijMng teckniqm 1934 

^ For the purpose of observing the developmental characters of the crop by 

sampling, a plot of land at the Rice Breeding Station at Karjat 70 ft. X 50 ft. 

^ was niarked out in 1031 and divided into five blocks. Each block was divid- 

ed into two plots and each plot was further divided into two sub-plots of 
I 7 ft. X 25 ft. each. One plot in eacli block was transplanted with regular lines 

I with eight seedlijjgs per bunch, the distance between the bunches being 1 foot, 

i The other plot in the block was transplanted according to the cultivator’s 

I method where the nimiber of seedlings per bunch and also the spacing of the 

i bunches varied. The f)bservatioiis ivere taken in both plots this year. 

Sani'pUng for regular planting. Each sub-plot with regular planting had 
seven rows of 25 bunches each, giving 175 bunches in all. Out of the seven 
[ rows three w^ere chosen at random and from each row a sampling unit of eight 

; bunches w^as selected. The sampling unit consisted of four pairs of adjacent 

bunches separated by three bunches in between as indicated below--* 

0 0 X X X 0 0 X X X O O X X X Q 0 
Omit Omit Omit 

The observations wei*e made on these eight bunches, 

i ■' 

I 

■ 
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Samplmg for irregular planting. In the case of irregular plaiitiiig a frame 
three feet square was used and eight bunches nearest to the four corners and 
the four mid-points of the sides of the frame formed a sampling unit as 
indicated below. The location of the frame inside the plot was fixed by ran- 
ThrAft snp.B wftrft t/^.ken from each half-nlot. 


0 

0 

0 

o 


o 

0 

0 

0 


Twenty-four bunches were thus sampled from each sub-plot in both types 
of planting for this year. 

Sampling technique 1935-40 

In the six years 1935 to 1940 the precision observations were taken in the 
' season plot ’ on the farm. A block of 84 ft. X 25 ft. was marked out in this 
and divided into 12 plots of 7 ft. X 25 ft. Each plot had seven rows of 25 
bunches of regular transplanted rice, there being 10 seedlings per bunch. 
Out of the seven row^s in each plot four were chosen at random and a samp- 
ling unit of eight bunches from each row "was selected as indicated in the 
technicjue for regular planting plots in 1934. In all 32 bunches were observed 
from each plot every time. 

Characters observed 

Observations were started a fortnight after the transplanting every year 
and were repeated at weekly intervals, fresh random selection of the sampling 
units being made on each occasion. For each chosen bunch three characters 
were observed, namely, the number of culms, the height and the number of 
leaves. The main plants could not be distinguished from their tillers and so 
the total number of culms only were noted. The height upto the base of the 
fully expanded topmost leaf of the plant nearest to the observer in each bunch 
was recorded. 

At the time of the harvest, the bunches on which measurements were 
taken on the last date were separately cut and threshed and the weights of 
paddy and straw from each separately recorded. The length of the panicle 
of the plant whose height was measured was also recorded. The remainder of 
the plot, after cutting the 32 bunches, was harvested and the yields of paddy 
and straw so obtained were determined. Table I gives further details regard- 
ing the experiment from year to year. The fortnightly rainfall at the station 
for the period of the experiment is given in Table II. 

Results of 1934 observations 

As already mentioned, in the year 1934 observations were taken on the 
' regular ’ and ' irregular ’ sown plots. It will be seen from Table I that the 
scheme of the experiment was quite uniform during the years 1935 to 1940. 
In the first year (1934), however, the number of plots, number of samples, etc. 
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were different and so the data for this year have been discussed separately here. 
The observations of the six years 1935-1940 have been considered together 
later. ^ 

The layout of the experiment was of the randomized block type with five 
replications in 1934. Three sampling units of eight bunches each were observed 
from each of the two sub-plots into which a plot was divided. The allocation 
of the degrees of freedom for the 480 observations of each character for any one 
occasion was as follows : 


Due to 

Blocks ......... 

Treatment* . . . . . . , 

Experimental error . , . 

Sub-plots . . . . . . . , 

Sampling error ........ 

Within samples . . 

Total 


D. F. 
4 
1 
4 
10 
40 
420 

479 


Of the three characters observed on each occasion, the number of leave, 
did not show much variation and therefore its variance was not analyseds 
Tables ni{A) and III(b) show the analysed variances for (1) number of culms 
and (2) height for each day of observation together with the analysis of variance 
of panicle length, paddy and straw yields at harvest. 

The following comparisons have been made and the significant differences 
in the variances have been indicated in the tables. 

{a) Bloch and treatment variances. The block and treatment variances 
have been compared with the experimental error variances. The block vari- 
ance is not significant showing that the blocks are not any more different from 
one another than the plots themselves. It is found that, in spite of the small 
number of degrees of freedom available for estimating the experimental error, 
only four, the treatment variances are significant in many cases. For the 
number of culms the treatment variance is highly significant for all the 
weeks while for height it is significant only for eight weeks. The treatment 
variance is not significant for panicle length and paddy yield but is significant 
for straw yield. The significant differences noted above indicate differences 
in the nature of the crop for the two methods of planting and will be referred 
to again later in the paper while discussing the mean value of the characters. 

(6) Sub-plot variances. It is desirable, when sampling is resorted to, to 
sub-divide the units from which samples are taken into one or more parts and 
take equal number of samples from each sub-unit instead of random samples 
from the whole, to ensure representative sampling. Sampling will be more 
efficient, if controlled as above, especially in a population where the unit from 
which samples are taken exhibits systematic differences within itself. Such 
differences, if any, will be shown by higher variance between sub-units them- 
selves. In the present experiment ilf was found that the sub-plot variance is 
generally less than the "experimental error ’ variance except in a few cases. 
For three weeks in the case of height and for straw yield at harvest, the sub- 
plot variance is significantly higher. It will be shown later that even this 
difference is manifest only in the case of irregular planting. 

* Methods of planting, i.e. regular and irregular 
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■ (c) Sampling variance* The sampling variance is seen to be generally 

higher than the ^ within samples ’ variance and significantly so in many cases* 
This indicates the existence of a positive correlation between the ultimate 
units, i.e. the bunches in the same sample. 

The comparisons made above are based upon the variances estimated 
from the samples taken from both the methods of planting. It is, however, 
recognized that differences in sampling errors may arise due to variation in the 
structure of the sampling unit [Kalamkar, 1932] and in the present case due 
to differences in the methods of planting. In view of this fact analyses of 
variance have been carried out separately for the two methods of sampling 
for all the above observations and are shown in Tables IV (a) and lY (b). 

A comparison of the sub-plot variance with plot variance in these tables 
indicates that generally they are not significantly different though for a few 
cases in " irregular planting ’ the differences are significant. It thus appears 
that there is no advantage in dividing the plots of the size used in the experi- 
ment into smaller units for the purposes of sampling especially in dealing with 
the crop planted regularly. 

The ‘ sampling ’ and ' within samples ’ variances, in Tables IV (a) and 
IV (b) when compared indicate that the positive correlation between the bun- 
ches within the same sample is not peculiar to one method of planting alone, for 
significant differences occur for both methods. While the presence 
of this correlation in the linear sampling unit of the regular planting 
may lead one to suspect that the adjacent bunches chosen therein 
might have been the cause, the presence of a similar correlation in the irregular 
crop from which the bunches have been chosen along the sides of a square yard 
indicates that the correlation may exist not only among bunches quite near 
each other but also among bunches in the same locality. Considering, however, 
the normal spacing in an irregular crop it is quite possible also that a few of the 
bunches in each sample from the iiTCgular crop were located adjacently and so 
it is not possible to say whether this correlation is a feature of adjacent bunches 
alone or amongst bunches in the same locality without further studies. It 
appears, however, that both the sampling structures, i.e. the linear one for the 
regular crop and the square-yard one for the irregular crop require modification 
in the light of the above results. 

Table V shows the experimental and sampling errors derived from Tables 
IV(a) and IV(b) as percentages of mean values of the characters concerned 
for each week’s observations and harvest characters. Comparing these errors 
for the two methods of planting it is seen that the method of planting does not 
show any consistent difference on the experimental or sampling errors. While 
in certain cases the errors are higher for the irregular planting, there are ins- 
tances where the reverse is also true though on an average the errors for the 
irregular planting are slightly higher than those for the regular planting. 

The mean values of number of culms per bunch, the height and the num- 
ber of leaves for each week of observation together with the mean values of 
the harvest characters are shown in Table VI. The experimental and sampl- 
ing errors for the means are also shown for each week and for the harvest 
characters except for the number of leaves. Fig. 1 shows graphically the 
mean heights and the mean values of the number of culms. 
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Tlie number of culms per bunch for the cultivator's method has been 
significantly higher than in the case of regular planting. In the irregular 
planting there are on an average 4 to 5 culms per bunch more than in the regular 
planting. At harvest the numbers of culms per bunch are 10-7 and 14-4 for 
regular and irregular planting respectively. 

The heights of the plants in the two methods of planting do not show much 
difference during the early stages of the crop but during subsequent stages 
however the plants in the regular method show greater height. 

It is curious to note that the average height of the plants taken at the time 
of harvest in the regular planting shows a significantly lower value than the 
average height observed a fortnight before, due to defective sampling. In 
general^ however, no such significant discrepancies w^ere noticed in respect of 
the attributes measured. 

The final height of fhe plant and the panicle length for the irregular method 
show significantly lower values, while the number of culms and the yield of 
straw per bunch show higher values than for the regular planting. There was, 
however, no significant ^fference in the yield of paddy for the two methods ; 
the shorter panicle length probably acted as a set off against the greater number 
of culms per bunch. However, the greater number of culms per bunch has 
reiiected in the higher straw yield for the cultivator’s method. 



Table IV(a) 

requUr ’ and ‘ irregular ’ crops for 1934 : Numb&' of culms per bunch for each 
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Eesults of observations 1935—1940 

The results of 1934 observations have been discussed in some detail above 
as observations ■ were taken in ‘ regular ’ and ‘ irregular ’ sown plots. For the 
years 1935—1940 the observations have been carried out in the case of one 
method of planting only (i.e. regular) in 12 plots. Further details of the nature 
of the experiment have already been shovm in Table I. The characteis ob- 
served were the same as in 1934, namely, the number of culms in each bunch, 
the height of bunch and the number of leaves per bunch for each time ob- 
servation together with the panicle length and the yields of straw and paddy 
at harvest. In these years four sampling units were taken from each plot with- 
out subdivision. The analysis of variance for the 384 observations taken lor 
each character at a time will thus have the following allocation of degrees o 
freedom : 


Due to 

D.F. 

Variance 

Plots 

. . 11 

A 

Sampling error . 

. 36 

B 

Within samples 

. ■ . 336 

C 


Total . 383 



The analysis of variance has been carried out for all the characters ob- 
served except for leaves where no appreciable variability w^as noticed, labies 
VII(a) and. VII(b) give in a tabular form the mean values oi the number oi 

culms per bunch and the mean height in cm. for the various weekly ob^r- 
vations together with their percentage sampling errors per bunch. At the 
bottom of Table VII(b) are also given the mean values of other characters ob- 
served at harvest, namely, the panicle length, the paddy and straw yields per 
bunch for the respective years. The mean number of leaves are also shown m 
Table VIKo) The mean values of number of culms and the height for various 
years are shown graphicaUy in Fig. 2 which brings out the differential response 
of the characters to seasons. It may be interesting to note that the year 193^ 
seems to have been thfe most favourable season for the crop. In this year, the 
number of culms, the height at harvest and the yield of paddy were the highest 

among the 6 years under consideration. •+!• tk+„ 

^owth features of the crop. The crop gets ready for harvest within 16 to 
16 weeks after its transplantation. Observations on crop gro^b were staitg 
after a fortnight of its transplantation. From_ a study of Fig. 2 it will b 
observed that, in general, the number of culms increases and attains a maxi- 
mum by the sixth or seventh week after transplantation, remains ^ore or less 
constant for about a fortnight and then decreases due to the fact that some 
of the late formed tillers do not survive. This decrease is to be noticed for 
about three weeks by which time the crop is 13 weeks old &om tramplantation 
and thereafter the average number of culms remains constant till the barest 
It wiU be seen from the figure that the maximum for the number of culms 
reached was more for the seasons 1935 and 1937 but the survival ^js greatest 
for 1937 only. In other years the average number of culms at harvest was 
more or less the same. 
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Table VII(o) 


Mean number of leaves per plant for each week’s obsermfwn for the yeafs 

1935—40 


, J 

Week No. 

1936 

.1936 

1937 

1938 

1 

1939 

1940 

1 

3*4 

3-3 

3*1 1 

4*7 

4*2 

! 

3*0 . 

2 

; . 4*1 

3*9 

3 *4 

4 *6 

) 

i 

4*0 

3 

4*1 

4 *0 

3 *7 

1 

4*6 ■ 

4*5 J 

4*8 

4 

4*3 

4*4 

4*0 

4*6 

i 

5 *0 

5 

4*6 

4*4 

4*3 

' 4-4 1 

i 

4*9 i 

5*1 

6 

4*4 

4*7 

4*4 

4*6 

4-6 

5*0 

7 

4*6 

4*7 

4 *6 

4*8 

4*8 

6*0 


5*1 

4*9 

4*4 

5*0 

5*0 

5*0 

a 

5 *3 

6*0 ' 

5*2 

4*7 

6*1 

6*0 

iO 

5*3 

6*1 

5*1 

1 3*6 

4*1 

: ' 5*1 

11 

5*1 

4*6 

4*7 

3*0 

1 3*7 

1 5*0 

12 

4*3 ■ 

6*1 

3*4 

1 *9 

2*8 

■ 4 *0 

13 

3*4 

4*2 

! 

.. 


3*0 

14 

2*5 

; 2*8 

V* 



• * 

15 

. . 

1*6 

•* 

• • 


• * 

10 




* * 

i 

L -■ 


The neriod of quickest growth of the crop as indicated by its average 
heigM tain up to the base of the topmost fully expanded leaf appe^^^^^^ 
durinv the Sth to 13th week from transplantation. The height attains its 
mSum wk md lemams comtant thereafter. The average 

height attained was greatest for the yeax 1937. i q-ia 

"SmtoMBy of tht sampling structure. While discussing the results of 1934 
observations, it was found that the ‘ sampling variance was 
than the ‘ within samples ’ variance, indicating ^ postove correlation_betw^^ 
the bunches in the same sample. For the years 1936—40 Tables \ ITI(a) and 
VIII(b) give the values of the above two variances for a similar compansoi . ■ ^ 
It will be seen that the variance due to ‘ within samples ^ is ^genem y 
smaller than that due to ‘ sampling ’ in these years also, t>Et only m a tew ot ho 
cases does it reach the five per cent level of s.ignificance. The consistency of 
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this difference from year to year shows that structure of the sampling unit 
requires slight revision. 

To see whether the positive correlation between the bunches in the same 
sample was mainly contributed by the adjacent pairs of bunches only or 
whether bunches in the same locality were also so correlated, the variances 
within samples for a few occasions were analysed into two parts, namely (1) the 
variance between pairs within the same sample and (2) the variance within 
pairs, i.e. between bunches in the same pair. In 1934 only the observations 
taken in the regularly sown crop were used for this analysis. Tables IX (a) 
and IX(b) give these variances. The differences in the ‘ between pair ’ vari- 
ance and ‘within pair’ variance have been tested by the 2 J-test and those 
differences which are significant are indicated in the table. 

It will be found that in all the cases chosen for this analysis, the ‘ within 
samples’ variance was significantly lower than the ‘sampling variance’, 
thereby showing the positive correlation between the bunches. Now it is 
found from Table IX(a) and IX(b) that only in some of the cases the ‘ within 
pair/ variance is lower than the ‘ between pair ’ variance. In other cases 
these two variances are equal. It appears therefore that the positive correla- 
tion within samples is not only contributed by the adjacent bunches in samples 
but between other bunches or pairs of bunches in the same locality. 

The above results point to one conclusion, namely that the structure of the 
linear sampling unit requires a change if the sample is to be more representa- 
tive of the crop. It may be mentioned here that for the wheat crop a sampling 
structure in which the units are taken on parallel rows has been found to be 
more efficient than a linear structure as in the present experiment [Kalamkar, 
1932]. A similar structure, taking care to see that adjacent bunches are not 
taken in a sampling unit, may prove suitable for this crop also. 

Efficiency of sampling. The sampling and experimental errors together 
with the ‘ non-sampling experimental error ’ (an estimate of what the experi- 
mental error would have been if the whole plot had been sampled) and the 
percentage information obtained by sampling as calculated from the formulae 
evolved by Yates and Zacopanay [1935] are shown in Tables X(a) and X (b). 
The percentage errors are given per plot (based on 32 bunches). The estimates 
of the experimental errors for the various observations are fairly within the 
usual limits, most of them lying within 6 per cent. As is to be expected the 
experimental errors are in general greater than the sampling errors. The 
percentage information obtained in the case of culms and heights varies from 
70 to 90 per cent in most eases. It will be observed from the tables that both 
in the case of culms and height the percentage sampling errors in general de- 
creased as the crop advanced in growth. 

Comparison of the estimated and the actual yields. The yields of paddy and 
straw for the whole plot, as estimated from the sampling yields, are given in 
Table XI together with the corresponding actual yields obtained by entire 
harvest of the crop. Taking the total actual and estimated yields over all the 
plots in each year the differences have been expressed as a percentage of the 
actual yields below Table XI. Except in 1936, when there was an over 
estimation of 8 *82 per cent the percentage differences are all small, showing 
that the sampling has been on the whole satisfactory. The plot errors as 
calculated from the actual and estimated yields are also found to agree fairly. 
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ORIGINAL ARTICLES 

GROWTH AND YIELD STUDIES ON IRRIGATED PADDY IN UPPER 

BURMA 


By D. Rhinb, I.A.S., Economic Botanist, Burma, U Ba Theijt, B.A.S., Besearcii x4ssistant, 
Agricultiirar College, Mandalay, and U Tin, ' Statistician, x4.griciiltiirai College, Mandalay 
(Received for publication on 30 December 1941) 

(With six text-jfigiires ) 


Any attempt to analyse the factors which 
contribute to the yield of a cereal crop must com- 
mence with a detailed study of the development 
of the plant, especially the formation and survival 
of tillers. The work of Engledow d al, on whc^at 
and barley at Cambridge has laid the foundation 
of this type of study. Summers [1921] published 
results of studies on the tillering of paddy in 
Ceylon, in which he compared the root develop- 
ment and tillering of broadcast and transplanted 
paddy, recording that in transplanted paddy the 
number of panicles produced is greater, tillering 
more regular and root development greater. 
Josh! and Gadkari [1923] studied the growth of 
paddy as affected by environment in Bombay and 
Bhide and Bhalerao [1927] related growth to 
height of plant. Correlation studies between 
characters in rice have been reported by Jacobson 
[1916] and Vibar [1921] in the Philippines and by 
Rao [1937] in Ma^as. Ramiah and iSTarasimham 
[1936] studied the growth and tillering of paddy 
in Madras. We are in general agreement with the 
results reported by Grant [1935] and by Grant 
aiid Thein Aung [1941] for Lower Burma paddy. 
We have attempted to trace the course of growth 
and tillering at different spaeings, to ascertain 
the fate of the tillers of different orders and to 
discover the contribution of each towards the final 
yield. That it is not necessarily the late-formed 
tillers which succumb prematurely but that the 
primary stem may suffer early death is clearly 
brought out. The relationship between height of 
seedling at transplanting and subsequent growth 
has been studied. 


been done with ktonsan planting. Because 'much 
of the counting of tillers -was done by fieldmen it 
■was considered safer not to enter the numbers of 
tillers (i.e. miinber of culms less one) in the records 
wliich consequently slio'w the total number of 
stems. To avoid re-writing voluminous data 
analysis has in most cases been done on total 
culm numbers and not on tiller numbers. 

Newdy transplanted paddy, especially when 
single seedlings are planted, is much damaged by 
the" land crab Fotmnon dayanum Wood-Mason. 
Wherever plants are cut by crabs the neighbouring 
plants benefit by the extra space and respond 
by more tillering, necessitating the rejection of al! 
plants adjacent to gaps from most of the tillering 
records. In the 1932 experiments the mean num- 
ber of tillers for all varieties and treatments was 
11*15 for plants adjacent to gaps against 10*32 
for those not so placed, a difference of 0*83 
(P >0*01). Wherever necessary plants so bene- 
fited have been disregarded. 

CbTJDE TILLEEINa CURVES 

An experiment was laid down in 1932 using 
four varieties, the planting being with single 
seedlings at 1 ft. X 1 ft. spacing from the same nur- 
sery raised under closely similar conditions. The 
outside and end rows were neglected as wel as all 
plants adjacent to gaps caused by crabs, ^ Culti- 
vation and irrigation were in accordance with the 
normal local practice. Table I gives the mean 
stem numbers of approximately 500 plants for 
each variety at each count. 

Table I 


Conditions oe the experiments 

The present experiments were carried out at 
Mandalay in Upper Burma with irrigated paddy. 
The annual rainfall is about 33 in. and the soil a 
heavy black carbonate solonschak clay of pR 8. 
Under normal conditions nurseries are sown about 
the middle of J une and the paddy is transplanted 35 
to 40 days later in groups of four to seven seedlings 
about 10 in. apart. This method of planting is 
referred to as Monsan. Since htonsan planting pre- 
vents a study of the tillering of individual plants 
most of these experiments have been done with 
single seedlings at fixed spaeings, though some have 


Mean stem numhers of four mrieties of paddy, 1932 
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In Fig. 1 the curves of tiller numbers are shown. 
There , is a period, of recovery from transplanting 
followed by, a rapid rise in tiller numbers until a 



maximum is reached in about 63 days from trans- 
planting. Thereafter there is a decline due to 
deaths of tillers until the plants ripen. Mitra 
and Gangiili [1932] found that the maximum 
number of tillers was formed about the 7th or 8th 
week after transplanting. In the present experi- 
ments the period of maximum tillering appears to 
be about the 9th week. The losses of tillers range 
from 27-5 to 36*1 per cent for the long-lived 
varieties Kgakyi, -Ngasein and Taungdeikpan, 
while the early Paungmalaung suffered only 15*1 
per cent loss. These losses are of a similar order to 
those recorded by Grant [1941] and Eamiah [1936]. 
Doughty and Engledow [1928] have formulated 
the idea of a critical period, a date after which any 
tillers formed fail to mature. From the above data 
it would appear that the critical periods for these 
four varieties would be approximately : 



Days after 
trans- 

Date 

Ngakyi (0406) 

planting 
. 33 

13-9-32 

Ngasein (0401) . 

35 

15-9-32 

Taungdeikpan (B401) . 

31 

11-9-32 

Paungmalaung (0410) . 

37 

17-9-32 


Later experiments have shown that it is in- 
correct to assume that all tillers formed after these 
dates are doomed to failure. The critical dates as 
determined from the crude tillering curve average 
about 33 days from transplanting, and as there is 
a period of about 10 to 15 days after transplanting 
while the plants are recovering from the damage 
of uprooting there would remain only abont three 
weeks for tiller formation. Actually the ease is 
more complicated and if there is a critical period 
it does not occur till much later. 


In 1933, experiments wore done in which a number 
of plants were selected at random from plots plant- 
ed at two spacings and tiller counts were made on 
these selected plants, each tiller being marked with 
a small label at the time it was first recorded, thus 
enabling a complete history of each stem to be 
made from the recording date onwards. Twelve 
plants were selected at random from a population 
of 500 of each of two varieties spaced 1 ft. x 1 ft. 
and 2 ft. X 2 ft. (Appendix Tables I to IV). 

The figures are somewhat irregular due to the 
small numbers of plants counted but the effect of 
spacing on the numbers of tillers formed is very 
marked, and also the difference between the 
varieties. 

Fig. 2 shows the actual numbers of tillers formed 
and died on each recording date. In Taung- 
deikpan tillering begins about a fortnight after 
transplanting. At the 1 ft. X 1 ft. spacing the maxi- 
mum rate is quickly reached after which there is 
a fairly steady decline until by the beginning of 
NTovember only occasional tillers are formed. At 
the 2 ft. X 2 ft. spacing the tillering rate is very 
irregular, periods of active tiller formation seeming 
to alternate with periods of lessened activity, but 
there is a similar general decline to that shown at 
the closer spacing. Tiller deaths commence about 
4 October at the closer spacing and are first 
recorded 10 days later at the wider spacing. At 
the closer spacing there are two modes for the 
death rate at 19 October and 10 KTovembar 
but at the wider spacing there is only one peak at 
2 November. It seems probable, from a considera- 
tion of the Qther curves, that the mode at 10 ‘ 
November was fortuitous. 

Ngasein follows the same general course as 
Taungdeikpan, the rate of tillering at the 1 ft. X 1ft. 
spacing steadily declining after the initial high 
rate is reached while the rate at the wider spacing 
shows great irregularity but a general decline. 
The death rates correspond closely with those of 
Taungdeikpan showing modes on 19 and 26 
November. In general the time of greatest tiller 
mortality falls between the middle and third week 
of November. 

It is noteworthy that the irregularities shown 
by both varieties at the wider spacing correspond 
closely. If the rainfall in summed ten-day totals 
is plotted, it is seen (Fig. 3) that there are three 
modes corresponding to the tillering modes of the 
2 ft. X 2 ft. spacing (where presumably space was 
not a limiting factor)' but displaced to the left by 
about 15 days. Such a lag in the effect of rain 
would be expected. It may at first seem ano- 
malous that rain should have a large influence on 
an abundantly irrigated paddy crop hut there is 
not only the actual precipitation involved but the 
beneficial effects of cooling and the lowering of 
the transpiration rate to be considered. The 
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Date 


Fio, 2. Actual number of tillers formed and died on each recording date for 1. Taungdeikpan, and 

2. Ngasein, in 1933 



Fig. 3. Rainfall at Mandalay in ten-day periods in 1933 


cultivator’s belief in the advantages of rain over 
irrigation water is undoubtedly well founded. 

In 1934 this experiment was repeated with 
group planting [htonsan) added and records of the 
dates of formation of tillers were begun earlier 
(Appendix, Tables V to X). Although differing 
in details the general course of tillering is similar 
to that in 1933. The closer the spacing the earlier 
and more sharply does the rate of tiller formation 
decline while concomitantly deaths begin earlier 

In this season two modes for rate of tillering 
are shown by the 2 ft. x2 ft. spacing against three 
modes in 1933. Examination of the rainfall 
shows three modes but the last heavy rainfall 
period ended on 19 October and was probably 
too late to stimulate tillering. This was 10 days 
later than the third rainfall mode in 1933. 

Although the periods of rainfall and tillering 
activity seem to show some correspondence after 


allowing for about a fortnight’s lag, the agreement 
is not exact. Rainfall alone is not a safe guide to 
growing conditions since cloudy cool days without 
any, or with very little, precipitation may be equally 
effective while, as the season advances and the 
plant’s ability to respond decreases, the influence 
of rainfall and other climatic factors will decline. 


1933 

1934 

1 

Tillering 

modes 

Rainfall 

inodes 

{end 

dates) 

1 

Difference 

days 

Tillering 

modes 

1 RainMl . 
i modes 

1 (end 
i dates) 

Difference 

days 

6 Sept. 

20 Ang. 

17 

3 Sept. 1 

20 Ang. 

^ , 14 

26 Sept. 

9 Sept. 

13 

1 17 Sept. , 1 

19 Sept. • 

2 ■ 

12 Ocfc. 

9 Ocfc. 

^ 1 


19 Ocfc. 



Ordeb of tillering and tiller deaths 

The detailed records of individual tillers made 
in 1934 and 1935 enable the fate of each tiller to 
be traced (Tables II and III). In the case of 
Monsan planting the whole group of seedlings has 
been treated as one unit, and the individuals not 
separately recorded. While there is a good deal 
of irregularity (probably due to small numbers) the 
figures show that there are no distinct periods of 
tiller formation and tiller death, but that loss of 
tillers commences early before the maximum 
number is attained and that formation and loss of 
tillers proceed concurrenthL Ther tend to be a 
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1 . I.* -u tnrelv even at the widest spacing. Perhaps being 

prot^rcssivo iaorcasc in death rate ^hic situated in the centre of a number of rapi<^y 

.be ...» » .be ...a., 

1934 

Order of tillering and percentage of dea ths _ 

, [ Ngasein, per cent death 

" ■ ■ 1 Taungdeikpan, per cent deatu - 



Order of 
tillering 


Belation 
between 
order of ^ 
tillering 
and deatk 
rate 


Date first 
recorded 


Main stem j 
]3-S-3-i 
20-S-84 
27-8-34 
3-9-34 
10-9-34 1 

17-9-34 
24-9-34 
1-10-34 
8-10-34 
15-10-34 
22-10-34 

Correlation . 

Coefficient . 

E.egressioii . 

I coefficient . 


Etonsan 

1 ft. X 1 ft. 

2 ft. X 2 ft. 

Mtonsan 

20-00 

8*33 

i 1 

16-66 

12-50 

10-60 

3-93 

7*14 

5-55 

18-75 

11-84 

13-50 

19-05 

76-02 

19-60 

16-66 

69*76 

41*06 

27-44 

19*17 

87-10 

55-55 

33-33 

20*37 

90*90 

50*00 

57*14 

16*60 

100-00 

100*00 

57-14 

23-59 

100-00 


50*00 

24-61 



.. 

26-31 



1ft. X 1ft. 


P -05 
-4-9 *55^:3*11 


+ •94 
P -01 

+7-18i0'96 


-1--84 
P < -01 


+ •93 
P < *01 


+ •97 
P *01 


+ •87 
P < *01 


+1.68±-30 ' +15-69±2-4s'' +13-01±l-80 1 -h4-21±0-77 


Table III 
1935 

Order of tillering and percentage of deaths 


Taungdeikpan 


Order of 
tillering 


Date flrsf 
recorded 

Etonsan 

lft.xlft. 

Main stem 

20*59 

16*66 

26-8-35 

19*45 

13*79 

2-9-35 

47*62 

14-81 

9-9-35 

50-00 

15-62 

16-9-35 

None formed 

34-48 

23-9-35 

50-00 

25-00 

30-9-35 

33-33 

75*00 

7-10-35 


j 100*00 


2ft,x2ft, 


Ngasein 

Ift.xlft. 


2 ft. X 2 ft. 


Eelation 
between 
order of 
tillering 
and death 
rate 


14-10-35 

21-10-35 

28-10-35 

f Correlation 
( Ooefficienr 

i 

\ Eegression 
I coefficient 


+ •53 
P < *1 


+ •84 
P <-01 


+ •43 
P <'1 


33*33 

40*74 

47*62 

77‘«77 

■85*71 

75-00 

None formed 
100-00 
100-00 


+ •94 
P <*01 


:-4-*81: 
P -01 


+3-30±2‘64 l+lX-18+2-97 I 


+ 2-OOil*4:7"‘ +S-77i:l*37 +10-00+2-69 


P < *iQl _ 
■ +4 -54+1 *31 
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In Tables II and III the corrolation and regres- 
, sioii coefficients between the order of tiller forma- 
tion and the death rates are given. Except for 
the 1935 Taiingdeikpan closest and widest spacings 
all values of r are very high. The reason for the 
low values of r in htonsan planting is not clear but 
in the case of the 2 ft. x 2 ft, spacing there was an 
unusual loss of 40 per cent of the first tillers for 
an unapparent reason. If this high death rate 
for the first tillers is omitted, r== -f 0-74, P > 0*01 
and6 = 3*35 ± M7. 

The greater liability of tillers to die in the variety 
Ngasein than in Taungdeikpan is clear and also 
the very pronounced effect of spacing. This is 
also brought out by the numbers of tillers surviv- 
ing to maturity, which average. 

1934 

. (From Appendix Tables V to X) 


late-formed tillers. At the widest spacing g.rowth 
is terminated by flowering and dry.ii:ig .of the soil 
before space becomes a limiting factor. 


Tcf. M t w «• 




3 6 7 8 S> 10 

Ofdrr oi niierin^g 


spacing 

2fLx2ft. 


Btonsan 

Taungdeikpan 

23*9 

15-7 

8*7 

Ngasein 

' 30*6 

12-7 

9-8 


Fig. 4 of the regression lines for order of tillering 
and death rates in 1934 clearly shows the effect of 
spacing. The regression lines for the 1935 experi- 
ments are similar. It is probable that the rela- 
tionship is not exactly represented by a straight 
line but the data do not warrant fitting poly- 
nomials, Only in the case of group planting do 
these regressions reach 100 per cent mortality 
whereas in the field the 1 ft. X 1 ft. spacing is res- 
trictive enough to induce cent per cent deaths of 


Fio. 4. Regression, lines of order of tiller formation and 
death rates for Ng^sein and Taungdeikpan in 1934 

Height op seedling and tillering 

In 1932 the seedlings were not graded according 
to height and the experiments were planted with 
seedlings of mixed heights but of the same age. 
In any nursery, however carefully prepared, quite 
large differences in height and dry weight occur 
within the seedling population, probably due to 
spacing and fertility diffarencos which cannot be 
avoided. The first records of height wvere made 
the day after transplanting and from these a rough 
classification into height groups was made. The 
seedling heights are compared in Table IV with 
the tillers formed 22 and 102 days from trans- 
planting. 


Table IV 

Mean number of stems 22 and 102 days after transjylaniing {19 S2) 


Height of seedlings 
(in. cm.) 

Ngakyi 

Ngasein 

Taungdeikpan 

Paungrnaiaung 

22 days 102 days 

from from 

trails- trans- 

planting planting 

22 days 
from 
trans- 
planting 

102 days 
from 
trans- 
planting 

22 days 1 102 days 
from from 

trails- trans- 

planting planting 

22 days 102 days 

from from 

trails- trans- 

planting planting 

30—35 . 


2-91 12-90 



3-10 9-50 

2-40 12-91 

35—40 . 


■ 3‘29 13*49 ' : 

2-37 

9-39 

3*94 9*78 

2-91 12-79 

40—45 . 


3-56 13-00 1 

3-12 

9*33 

4*95 10*28 

2-71 12-98 

45—50 . 


3*38 12-85 

2*89 

10*02 

11*68 

2-60 12-20 

50—55 . 


3*41 11-05 

2-35 

8*46 

■ . ! 


55—60 . 



1-73 

r ■7*54 



60 and over 



1*71 

1 6-22 

1 ■ ■ ' 

.. .. 1 
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iM general, seedlings of medium Mght gave the 
largest number of tillers except for .Taungdeikpan, 
but in that variety there were no 

More detailed experiments on height of seedlmgs 
were done in 1933 when four lengths of seecUings 
of two varieties were planted in 4 X 4 Latm 
squares and counts made fortnightly o s em 
nuiiibors (Ta-blos V and VI) 


THE INDIAN JOtJMAL OF AaMCULTtiRAL SCIM t^Hl 

In both varieties the shortest seedlings have 
given the highest numbers of mature stems. The 
detailed records show that the taller seedhnp 
tillered more rapidly than the shorter in the early 
stages but that the latter surpassed the former 
before the maximum tiller number was reached. 
Height of seedlings is therefore not a sure guide 
to vigour. 

Table V 

Ngasein — -final st&m numbers 


Height of seedlings 

26—30 

cm. 

A 

30—35 

cm. 

B 

35—40 

cm. 

C 

40 cm. and 
over 

H 

Mean 

S.'E. 

Mean of 4 plots 

Per cent of mean . • • 

9*78 

108-5 

9^36 
103- 9 

8-48 

94-0 

8-43 

93-5 

9-01 

100-00 

0-083 

±0-921 

25 significant (P<0* 01) . .ow 

C. H. (5 per cent) — 0* 287 or 3- 187 per cent 

A B 0 D 

Table VI 

Taungdeikpaur— final stem numbers 


Height of seedlmgs 

25—35 

cm. 

A 

35—45 

cto. 

B 

45—55 

cm. 

0 

55 cm. and 
over 

H 

Mean 

S. E. 

Mean of 4 plots . 

Per cent of mean . * 

10-72 

112-9 

9-55 

100-6 

9-03 

95-2 

8-66 

91-3 

9*49 

100-00 

0-308 

±3-247 


~~ s significant (P<0- 05) 

C. D. (6 per cent) = 1 • 067 or 11 • 236 per cent 
A B 0 D 

Table VII 

Mean numbers of stems fo^-med at different ages by seedlmgs J different heights ; mrieties-Tcmngdeikpan 

and Ngasein, 19o6 ^ 


Height class 


Hays from trans- 
planting 


Ngasein 


Taring - 
deikpan 


0 
11 
25 
39 
53 
67 
81 
95 
109 

Per cent deaths 


1*00 

1-03 

1*55 

4‘24 

9-15 

11-60 

14*03 

12-83 

9-78 

30-3 


B 


Ngasein 


Taung- 

deikpan 


Ngasein 


1-00 

1-08 

2-50 

6-71 

12-32 

14- 39 

15- 47 
12-69 

10-72 
30-7 


1-00 

1*02 

1*80 

4*99 

10-08 

12-30 

13*91 

12-05 

9-37 

32-6 


1-10 

1- 19 

2- 60 
6*80 

11- 59 

12- 75 
12-86 

11-03 

9-55 

25-7 


1-00 

1-03 

1*88 

4-95 

9-32 

11- 13 

12- 29 
11*05 

8-48 

31-0 


Taung- 

doikpan 


D 


Ngasein 


14 

28 

69 

■68 


11-45 

11-83 

11-53 

10-16 

9-03 

23-7 


1-08 

1- 09 

2- 25 ' 
5-88 

10-18 

11- 83 

12- 14 

10-76 

8-42 

30-6 


Taung- 

deikpan 


1-43 

1-41 

3*25 

7- 38 

11-39 

11-47 
11*09 

9-61 

8 - 66 
24-5 


(Height classes as in Tables V and VI) 
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Ficf. 5 shows the interpolated dates of formation seedlings (D) tiUered first followed by 0, B and A 
of tillers Ti-Tr for each class of seedling in both in that order, so that in this case the taller the 

seedlings ti^ oarlier did it foriii tillers altlioiiga it 
I 5 - did not form SO many . 


sya*«ikit — — 

TAungffifvi hpai 




Fig. 5. Interpolated dates of formation of tillers 1-8 for 
four seedling sizes of Ngasein and Taundeikpan. (ISTot 
carried beyond T8 because deaths supervene at 
about that time) 

varieties. Tlie earlier tillering of Taiingdeikpan 
is clearly brought out. In this variety the C 
class seedlings tillered first, being followed by D, 
B and A in that order. In Ngasein the tallest 


HniCIIT OF SEEDLING AND YIELD 

The close connection between the yield and 
number of tillers matured leads ,to a corresponding 
influence of seedling size on yield of grain. The 
figures in Table VIII for yields of' grain from 50 
random plants from each plot in the preceding 
experiment show the influence of seedling height on 
yield. 

These results are in agreement with the effect 
of seedling height on final tiller number, and show 
that small to medium size seedlings tiller more and 
yield better than tall ones. Birkinshaw^ [1940] 
states that the greatly increased growth in nur« 

■ series following manuring does not load to increased 
yields in the field. The results here reported 
would seem to indicate that any advantage from 

■ the manuring of nurseries must come not from 
the greater size of the seedlings but from the 
earlier attainment of a size suitable for earlier 
transplanting, so leading through earlier com- 
mencement of tillering to enhanced yields. 


Table VIII 

Grain yields from seedlings of differenct heights ; Ngasein and Taungdeikpan, 193B 


Seedling 

height 

class 

■ 

A 

B 

C 

D 

Mean 

0. D. 

S. E. (5 per 

cent) 

f 

Mean of 4 plots 

22-97 

23*48 

19-97 

20-11 

21*63 

0*70 2*43 

Hgasein . 

Per cent 

106- 2 

108* 5 

92-3 

93-0 

100-0 

3*24 11*23 

f 

Mean of 4 plots 

29-37 

25*85 

25*14 

23*52' 

1 25*97 

1*13 3*89 

Taungdeik- < 
pan t 

Per cent . 

113*1 

99*5 

96*8 

90*6 

j 

I 100-0 

4*33' 14*98 


For values of A — D see Tables V and VI 

Ngasein B A; ^ ^ 

Taungdeikpan == A B ^ ^ 

Early tillering number of stems formed by 2 September 1932 on 

, * ■ 1 , . i 4 . final number matured are given below : 

Since there is a high correlation between the ^ 

order of a tiller and its liability to death (Tables ^ ^ ... 3*611 

II and III) the earlier a tiUer is formed the better 3* 15 ^ P <o-Ol 

chance it has of surviving to contribute towards Taungdeikpan . . . . 2*88 | 

the yield. The linear regression coefficients of the Paungmalaung . . . . ^*04j 





342 


THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE 


[XIII 


These figures are derived from plots planted 
with seedlings of mixed size. In 1933 using p o 
planted with seedlhigs of uniform height the same 
relationship holds good for each size seedlmg, 
giving the following linear regression coefhcients : 


Tatmgdeikpan. 


Ngasein 


r 


1 

L 


A 

B 

C 

D 

A 

B 

G 

D 


1-02±0-00 
0-73±0-04 
0-61±0-07 
O' 5Sit;0' 04 

1'13±0'09 
■ 0'78±0'11 
0'86i0'36 
0'69±0'02 


(A— D as in Tables V and VI) 

These coefficients are all much smaller than those 
for the 1932 crop and the Ngasein C class is not 
significant. For the rest the importance of early 
transplanthig and a quick recovery from the 
damage of that operation is clear. Fig. o is tor 
the Tanngdeikpaii A class seedlings. The others 
are similar and are not given here. 



decrease in later-fomied barley tillers. Our data 
for' 1932 show a negative correlation between the 
number of steins per plant and the mean panicle 
weight. g 


' . —O ' 384 P <10 

Ngakyi . . ■ • 

Ngasein. ' . • ' • 

Tamigdeikpan . • • —0-304 ^ 

(Paungmalaung is omitted because of sparrow damage) 

Although the correlations are highly significant 
the fact that the relationship is not linear has 
resulted in comparatively low figures for r, the 
polynomial curve being sigmoid. 

Since the panicle weight is largely made up_ by 
the weight of grains it follows that the relation- 
ship between the order of tillering and the nui^er 
of fiUed grains per panicle will represeiit the eliect 
of the order of the tiller on its contribution towards 
the final yield (Table IX). 

These figures show that the later a tiller is 
formed the fewer good gra,ins it matures, an 
additional reason for promoting early tulenng as 
much as possible. 

From the regression coefficients it appears that 
for Taungdeikpan a delay of one week in tuler 
formation may reduce the number of grams 
matured by 11 to 13 and for Ngaseui W 3-7 to 
9-7. In both varieties the crowding efiect at the 
closer spacing is very evident. 

In 1935 these experiments were repeated wth 
^Ti* __ -.Ua.Tif.intT (Mnnm.n). Til© 


the addition of group planting in© 

correlations between order of tillering expressed 
as the number of days from sowing to date of 
recordiim the tiUer and the mean panicle weight 

® 


Obdeb oe tillebing and weight oe panicle 

Engledow and Wadham [1924] noted the tend- 
ency for weight of grains, straw and rachis to 



1 Htoman ’ 1 ft* X 1 ft. 

2£t.x2ft. 

TaLUigdoikpan 

i 

. 1 — 0-96 

—0*01 

1 —0*98 

Ngasoin 

. j —0-96 

—0*98, 

j —0*99 



Table IX 

Correlation and regression coefficients between order of tillering and mean number of good grains pey pa 

19SS and 1934 

"■ , ,, . ^ ,], ■ Ngasseiii . 

j Taungdeikpan 

Plant correlati^ coefficient r b' Kegression coefficient 6 Correlation coefficient r llogression coeffleient 6 

ipacing; ' j' : , ■■ — — - , 

I 1033 ! 1034 1933 i 1934 1933 1934 1033 j 1934 
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Wiietlier the relationship is expressed as bet- the increasing contribution by main steins or early 
ween order of tillering and panicle weight, as tUlers with closer spacing is clear. It is thereibre 
above, or order of tillering and grain weight is to bo expected that anything which will promote 
immaterial, .since in both cases the correlations are early commencement of tillering after transplant- 
high. The regression coefficients corresponding ing is likely to promote yield. This may be effected 
to these data vary little and average for the, six by such methods as early transplanting (which 
sets 0*035, that is to say a delay of one day in requires nursery operations to provide good seedl- 
tiller formation will entail a loss in panicle weight ings at an early date), application of quick- acting 
of 0*035 gm, on average. fertilizers which will promote a quick onset of 

Not only does delay in tiller formation result in tillering and a planting distance which will not 
a drop in mean panicle weight and mean weight cause overcrowding at an early stage, 
of grain per panicle but it also leads to a reduction 

in individual grain size at close spacings. In Table XI 



Table X the mean weights of grains from early 
and late tillers are given. 

Table X 

Comparison of grain weights (gm.) from early and 
late tillers 



Mean wt, 
Eariy 
tillers 

Mean wt. 
Late 
tillers 

S. E. diff. 
erence 

Signi- 

ficance 

Taungdeikpan — 

1 




1 ft. X 1 ft. 

j *0184 

•0172 

± *00048 

S 

2ft. X 2 ft. 

! ‘0178 

1 

1 -0176 

±•00020 

NS 

Ngasein — 

! 




1 ft. X 1 it. . I 

•0262 

•0246 

± -00038 

S 

2 ft. X 2 ft. . i 

1 

•0263 

•0258 

±•00026 

NS 


At the closer spacing the weight of the grains 
on early tillers is significantly greater but in the 
case of the wider-spaced plants the difference is 
too small to be relied on. Where space is limited 
it may be concluded that heavier grain is borne on 
the earlier tillers, which at the same time bear 
more grains. The major contribution towards 
the yield therefore comes from the earlier tillers 
because these have a greater survival value and 
bear heavier panicles with larger grains. In 
Table XI the percentage of the total grain yield 
contributed by the tillers recorded at weekly 
intervals are shown and the general decline in 
the fruitfulness of the later-formed tillers is clear. 
(It is not iiossible with paddy to record each tiller 
in order of formation, as has been done for wheat, 
because often two or more tillers are formed at 
nearly the same time). 

Besides the declining importance of later tillers 
the effect of crowding is to concentrate a greater 
proportion of the yield in the main stems and 
early tillers. Whereas only 10-13 per cent of the 
yield is contributed by the main stems at 2 ft. x 2 ft. 
spacing, over 20 per cent is accounted for at the 
htonsan spacing. This Monsan method of planting, 
however, comprises four to seven plants in a group, 
that is to say four to seven main stems, but even so 


Order of tillering and percentage yield (in weight) of 
grains 

(Mean of 12 i)iants) 

(Sown on 16-6-31. Transpianted on 27-7-34) 



Ngasein 

Tauiigdeikpaii 


Becording 

dates 

Monsan 

2 ft. X 2 ft. 

Etonsan 

ift.xl ft. 

2 ft. X 

2 ft. 

Maiii stems 

.21*0 

10*4 

20-0 

14*6. 

12*8 

13-S-34 

10-5 

11-8 

■ 

19*2 

13*8 

14*0 

20-8-34 

17-3 

11-4 

10-7 ' 

14*0 

13*0 

27-8-34 

15-5 

11*1 

14-6 

10*8 

10*6 

' 3-0-34 

15-4 

10*2 

0-9 

9*8 

10*3 

10-0-34 

10*1 

i D*5 

10-1 

8*7 

: 9*5 

17-0-34 


8*9 

6-5 

8*2 

9*1 

24-0-34 

. . ' 

S*1 


9*7 

i , 8*1^ 

1-10-34 


7-2 


7*5 

■7*0 

8-10-34 


. 6-0 



5*6 

16-10-34 


5*4 


.. 

•* 


(Xgasein 1 ft. x 1 ft. omitted owing to an error in the records 
which are now not avaiiable) 


In Table XII the regressions are calculated to. 
show the delay in flowering for each week’s delay 
in tiller formation. The figures show that in 
rcundLnumbers a delay of one week in tiller fomia- 

I ion at 1 ft. X 1 ft. spacing entails a delay of 0*55 day 
in flowering while at 2 f t. x 2 ft . spacing this delay 
increases to about 0*74 day. Since as long as 

II weeks may intervene between the^ dates of 
formation of the first and last tillers, the flowering 
would, on these results, spread over about eight 
days. The flowering does, in fact, extend over 
about nine or ten days. The greater delay in 
flowering of late tillers at the wider spacing is 
due, in part at least, to the longer period over 
which tillers capable of flowering continue to be 
produced, and in part to the crowding effect at the 
closer spacing which always induces earlier 
flowering. 
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Table XII 

Correlations and regressions between date of formation and date of flotoermg of tillers 



’ — 

1933 

■ ' 

■ 1934,' „ 

r 

Correlation 

coefficient 

5 

Regression 

coefficient 

^ i 

r 

Correlation 

coefficient 

h 

Regression 

coefficient 

Taungdeikpan 1 ft. x 1 ft. . 

+ -60±-067 

! 

+ -56i;-062 

+ -42±-068 

+ -69±>113 

„ 2 ft.x 2 ft. . 

“1" * 56 dz ’ 045 

+ -81±-064 

+ -47±-044 

■f;84±*077 

Ngasein 1 ft. x 1 ft. . . 

+ -57±-074 

+ -67±-073 

+ -2711: -083 

+ -42±*I28 

2 ft. X 2 ft. . 

+ -65±-043 

+ -85±-057 

+ -44±-048 

+ *47di*052 


Summary 

Tillering begins about a fortnight after trans- 
planting and the rate quickly reaches a maxi- 
mum, after which a steady decline sets in until 
by the beginning of November only a small num- 
ber of tillers are produced. 

Tiller deaths commence about the beginning of 
’ October at close spacing, somewhat later at wider 
spacing, and the death rate tends to increase as 
the season advances. The tillering shows modes 
which closely correspond in the different varieties 
and at different spacings indicating some common 
influencing factor. The rainfall in 10-day totals 
exhibits similar modes but preceding the tillering 
modes by about 15 days. It is suggested that the 
two phenomena are interconnected. 

The liability of tillers to premature death is 
shown to increase as the recording date advances 
until at close spacing the late-formed tillers have 
no chance of surviving. At the 2 ft. x 2 ft. spacing 
all tillers have some chance of reaching maturity. 
There does not appear to be any critical period 
of tillering such as the Cambridge workers found 
for wheat and barley. The liability to premature 
death is not confined to the late-formed tillers 
only, but death may occur to the main stem itself 
or any other stems. With group planting as 
many as 20 per cent of the main stems may die 
prematurely. 

It is not necessarily the tallest seedlings which 
tiller and yield best. It was found that in general 
the shortest seedlings gave the largest number of 
surviving tillers at harvest, and because of the 
close relationship between tillering and yield, 
these gave the greatest final yield. The tallest 
seedlings formed tillers most rapidly in the early 
stages but did not mature as many as the shorter 
, ones.' ■ 


The earlier a tiller is formed the better its 
chance of surviving to contribute to the yield. 
Early transplanting may therefore be expected to 
enhance yield and manuring of nurseries to bring 
seedlings to a transplantable size at an early date 
will be beneficial. 

The later a surviving tiler is formed the smaller 
is the share of the total yield contributed by it, 
because the panicle weight, the number of filled 
grains and the mean grain weight progressively 
decline as the tillering date advances. Crowding 
tends to concentrate a larger portion of the total 
yield in the main stems and early tillers. 

The correlation between date of formation of a 
tiller and the date of its flowering is definite, a 
delay of one week in tillering postponing flowering 
on average about half to three-quarters of a day. 
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A STUDY OF THE CHANGES IN THE QUALITY OF PUNJAB-AMERIOAN 
289F/43 COTTON WITH VARIATIONS IN THE DATES OF 
> SOWING AND WITH PROGRESSIVE PICKINGS * 

By S. Rajabaman and Mohammad Afzal, Cotton Research Laboratory, Lyallpur 
(Received for publication on 18 May 1942) 


The date of sowing has a very important bearing 
on the development and yield of the cotton plant 
and literature abounds in instances where a 
change in the normal dates of sowing has been 
instrumental in increasing the yield or protecting 
the crop from the attack of insect pests and 
diseases. 

In the early days of the introduction of American 
''p' cotton in the Punjab the best time of sowing was 
considered to be from the end of March to the end 
of April. As time went on and more critical 
experiments were performed, a tendency for 
shifting the dates of sowing became evident. The 
periodic partial failures of American cotton 
accentuated this tendency towards later sowing 
as it was observed that late-sown cotton suffered 
less from tirak (bad opening of bolls) than the 
early-sown crop [Anonymous, 1937]. The Depart- 
ment of Agriculture, Punjab, now recommends 
15 May to 15 June as the optimum period for 
sowing cotton in a major portion of the Canal 
Colonies and from the end of May to the end of 
June in the south-western districts of the province. 
The zemindars of these tracts have not been slow 
in acting on this recommendation and had, in 
fact, come to the same conclusion almost simul- 
taneously with the Departmental workers in the 
early thirties. It has also been established that 
American cotton sown before the optimum period 
suffers more from tirak. In order, however, 
to get a quantitative idea of the effect of either 
early, normal or late sowing and the time of 
V picking of the crop on fibre-propei'ties properly 
l ’ laid out experiments have been carried out and 
the present paper deals with the data obtained 
from these experiments. 

Previous LITERATURE 

It is not proposed to review the previous litera- 
ture on the field behaviour of the crop sown at 
different times. Deferences on the effect of date 
of sowing on fibre-properties are unfortunately 
lacking except that of a former worker in the 
Cotton Research Laboratory, Lyallpur [Sen, 
1934, 1], who did not find any change in the length 
and fineness of the fibre of Punjab- American 
4P and 289P/43 when sown on 15 April, 5 
May, 20 May and 3 June. The study on P.-A. 

*R 0 ad at the Indian Science Congress, Baroda, J annary 
1942 


289F/43 has now been pursued further by includ- 
ing a larger variation in the dates of sowing com- 
bined with progressive pickings and by determin- 
ing a larger number of fibre characters. 

Material anb^ method 

P.-A. 289F/43 was sown in 1937 in randomized 
blocks using five dates of sowing and seven replica- 
tions. The dates of sowing were : 15 April, 5 
May, 20 May, 4 June and 1 July. The fol- 
lowing procedure was adopted for collecting the 
samples : 

Pour normal plants were selected at random from 
each bed in the beginning of the picking season. 
All the well- opened bolls on these four plants 
were picked every week in separate bags. Pick- 
ings were made on the same day of the week in 
all the ■ beds throughout the season. Pickings 
commenced on 27 September 1937 in the case 
of the first, second, third and the fourth sowing 
dates and 1 November 1937 in the case of the 
fifth sowing date and continued at weekly inter- 
vals up to 10 January 1938 in all cases. 

The kapas picked from all the beds under the 
same sowing date w^as mixed for each picking and 
ginned. This procedure reduced the number of 
samples to within a workable limit. At the time 
of fibre tests, the samples of the first picking 
(27 September 1937) from the first, second, thii‘d 
and the fourth sowing dates were not tested for 
fibre characters as there was an uncertainty in the 
period during which the bolls picked on this date 
had opened; the samples from the last picking 
(10 January 1938) of all sowings were also not 
tested as the quantity of lint available in this 
case was very small. The remaining 66 samples, 
representing 14 pickings each of the first four 
sowing dates and 10 pickings of the fifth sowing, 
were available for testing. 

Slivers were prepared by the usual sampling 
methods, drafted, cleaned and redrafted with the 
Balls sorter draw-box and were used for the deter- 
mination of the following fibre characters : 

(1) Balls sorter mean length 

(2) Balls sorter modal length 

(3) Balls sorter fibre-length irregularity (per 

cent) 

(4) Mean fibre- weight per unit length 

(5) Bercentage of mature fibres and 

(6) Highest standard warp counts. 
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.!¥] CHANGES IN QUilLITY OP PUNJAB-AMEEIOAN 289F/43 GOTXUN 

The methods followed in the determination of on 1 November 1937 and not on 27 September 
the .first fonr .characters were the same as ■ descri- 1937 as in the case of the other four sowing dates, 
bed by Ahmad [1933] and in the determination There w^ere 14 pickings in each of the first fonr 
of the percentage of mature fibres, the method of sowing dates and anatysis of variance could be 
Gulati and Ahmad [1935] was adopted using their applied to the six sets of 56 observations each 
new device for mounting fibres [Ahmad and of the six fibre characters taking one set after an- 
Gulati, 1936]. The above five fibre characters other. The values of mean squares and their 
were converted into a quantity ' highest "standard significance obtained from this analysis are set out 
warp counts ’ (H. S. W. C.) according to an in Table II. It will be seen, from Table II that 
equation given recently by Ahmad [1941]. The the variances due to sowing dates were highly 
calculated H. S.W.C. served to express the results significant in respect of all fibre characters, 
of fibre-tests as a single quantity suited to excepting the fibre-length irregularity in ivhich 
quantitative analysis. The data obtained for the case also the significance ’was nearly at 2 per cent 
five fibre characters as well as the H. S. W. G. level, showing in general a real variation in all the 
calculated therefrom are presented in Table I. fibre characters studied with a variation in sowing 

date. 

Analysis op kesults . the table of mean values (Table III) 

it IS apparent that the fibre characters of samples 
(a) The values of fibre characters of samples from the first sowing date were all significantly 
from the fifth sowing date are not included in the lower than those of samples from the other three 
analysis given below mainly because the first sowing dates, w^hich did not vary significantly 
picking from this sowing date was available only among themselves. 

Table II 


Values of mean square 


Source of 
variation 

D. F. 

Mean fibre- 
length 

Modal length 

Fibre-length 

irregularity 

Mean fibre - 
weight per 
unit length 

Percentage 
of mature 
fibres 

Highest 
standard 
warp counts 
(calculated) 

Sowing dates . 
Residual 

3 

52 

0-1350827** 

0-0123435 

0-3834684** 

0-0360345 

14-71494:* 

3-68454 

0- 1964066** 
0-0117257 

776-0714** 

87-9368 

69-4369** 

10-2024 


* Significant at 5 per cent level 
^^Significant at 1 per cent level 


Table III 


Mean values of fibre characters of the I, JJ, III and IV sowing dates 


Fibre character 

' Sowing date 

Critical 

i I 

(15-4-37) 

‘ II 
(6-6-37) 

III 1 IV 

(20-6-37) (4-6-37) 

difference 
between 
two means 

1, Mean fibre-length (cm.) . 

2*033 

2-218- 

2-200 2-254 

±0-0891 

2. Modal length (cm.) . . . . . 

2-111 

2-428 

2-401 2-479 

±0-1522 ■■ 

3. Fibre-length irregularity (per cent) . 

22-19 

24-38 

23-63 24-35 

±1-639 ■. 

4. Mean fibre-weight per unit length (10 6 gm/ 

1*024 

i-224 

1-268 1-278 

■±0-0868 

cm.) 

5, Percentage of mature fibres 

18-00 

31:93 

34*29 31-93 

±7.-519'. ' 

6. Highest standard warp counts (calculated) 

33-62 

38-18 

37-18 38-46 

i 

±2-5607 


The conclusion drawn from the above analysis (5) As the first picking in the fifth sowing date 

was that the first sowing date, as early as about was available only on 1 November 1937, the 
the third week of April, was not desirable from fibre characters of pickings from this sowing could 
considerations of lint quality. The second sowing not be included in the above analysis of variance 
date had not, in this year, produced lint of a for the study of variation in lint quality with 
quality any different from that of the third and changes in sowing dates. The following method 
the fourth sowing dates, which, inter 56 , did not was, therefore, adopted to compare the lint 
show any significant difference in the quality of quality of pickings from the fifth sowing with that 
liuti, ' of pickings from the other sowings. No rigorous 
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validity is claimed for the method which was used from 
only in the absence of a better one. by d 

The average in each picking of values of fibre in Ti 
characters of samples from the second, third and of il 
the fourth sowing dates, in all pickings made on fibre 
and after 1 November, was compared with the diffe 
fibre characters of the corresponding pickings Tab! 

Table TV 


from the fifth sowing date by the method quoted 
by Tippett [1937]. The working is given in detail 
in Table IV for mean fibre-len^h only for purposes 
of illustration and the compiled mean values of 
fibre characters and the significances of the 
differences between them are brought out in 
Table V. 


Date of picking 

Mean fibre- 

length (cm.) 

Difference d 

Average value 
for the II, III 
and the IV 
sowing dates 

Value for the 

V sowing date 

Ml-37'.' 

2*30 

2*16 

0*14 

8-11-37. 

2*24 

2*20 

0*04 

15-11-37 ... 

2*30 ; 

2*20 

0*10 

22-11-37 

2*25 

2*30 

-0*05 

29-11-37 ... 

2*25 

2*34 

-0*09 

6-12-37 .... 

2*27 

2*26 

0*01 

13-12-37 . . . 

2*23 

2*30 

-0*07 

20-12-37 

2*08 

I 2*14 

-0*06 

27-12-37 

2*04 

i 1*98 

0*06 

3-1-38 . 

2*06 

1 1*84 

0*22 

Sums 

22*02 

21*72 

0*30 

Table V 


Sums of squares of d measured 
as deviations from 0*0934 


d 

” S 


I 0*'"0934 X -J 
V 9 VIO 

= 0*9312 and n=9 
The above i is 
ficant 


.| 

Mean 

value 





Of averages 


Difierence 

D. F. 


Fibre character 

for the II, 

For the V 

(col. 2-col. 3). 



HI and IV 
sowing dates 

I sowing date 




1 

2 

3 ^ ' 

4 

5 

3 

1. Mean fibre-length (cm.) 

2*202 

2*172 

1 

' 0*03 

9 

' 

0*9312 , 

2. Modal length (cm.) . . . . 

. 2*393 

2*333 

0*06 

0 

1*2696 

3. Fibre-length irregularity (per cent) 

23*86 

24*21 

—0*35 

9 

0*5400 

4. Mean fibre-weight per unit length 

. 1*265 

1*173 

0*092 

9 

2-7020* 

gm./cm.) 

6. Percentage of mature fibres 

34*4 

23*8 

10*6 

9 

6*4596** 

6. Highest standard warp counts (calcula- 

37*33 

36*52 

0*81 

9 

1*037 

ted) 









^Significant at 5 per cent level 
^^Significant at 1 per cent level 

It was found that, while the differences in 
mean fibre-length, modal length and fibre-length 
irregularity were all non-significant, the difference 
in mean fibre-weight per unit length was signi- 
ficant and that in the percentage of mature 
fibres highly so. The difference in the calculated 
H. vS. W, 0., however, was not significant. This 
might be due to the following reasons. The total 
correlation coefficient [Ahmad, 1941] between 
H. S. W. C. and mean fibre-length is as high as 
= -f'0*878 when compared with that between 


H. S. W. C. and mean fibre-'weight per unit 
length, viz. r= — 0*812 and that between 
H. S.W/C. and percentage of mature fibres, viz. 
r= — 0 * 319. Hence the non-significant difference 
in the mean fibre-length probably masked the effect 
of the significant differences in mean fibre-weight 
per unit length and percentage of mature fibres. 

From a study of differences in fibre characters 
from picking to picking, expressed as the excess 
of the average of the second, third and the fourth 
sowing dates over the fifth sowing date, it was 
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IVJ 

found that the mean fibre- weight per unit length 
and the percentage of mature fibres in pickings 
from the fifth sowing date were uniformly lower 
than those in pickings from the second, third and 
the fourth sowing dates in each picking indivi- 
dualiy, excepting the mean fibre-weight per unit 
length of pickings from 1 and 29 November. 
The mean fibre -length and characters derived 
therefrom as well as the calculated H. S. 
W. C. were not so consistently different. This 
showed that the significantly lower mean fibre- 
weight and percentage of mature fibres in pick- 
ings from the fifth sowing date were not only an 
aggregate effect but true in each individual picking. 

These results indicated that the quality of lint 
in pickings from the fifth sowing date was, on the 
ag^egate, similar to that of lint in corresponding 
pickings from the second, third and the fourth 
sowing dates mainly because of the non-significant 
difference in mean fibre-length, which rendered 
the difference in calculated H. S. W. C. also non- 
significant by masking the effect of the significant 
differences in mean fibre-weight per unit length 
and percentage of mature fibres. But the lower 
percentages of mature fibres in pickings from the 
fifth sowing date would certainly detract from the 
quality of the yarn spun from these pickings by 
introducing such factors as neppiness which are 


known to bo caused, inieft alia^ by i,mm.ature 

fibres. 

Vabiations m lint ■with progressive pickings 

The values of fibre characters of pickings from 
the first sowing date w'ere omitted from further 
considerations due to their low lint , quality and 
analysis of variance was again applied to values 
of fibre characters of pickings from the second, 
third and the fourth sowing dates only. The 
total sum of squares in this analysis was traced to 
three sources of variation, viz. 

(1) variations due to sowing dates, 

(2) variations due to pickings, and 

(3) residual variations. 

The mean square due to sowing dates (Table 
VI) was non-significant wdth respect to all fibre 
characters, excepting that due to mean fibre- 
length which was Just significant at 5 per cent 
level. This result further confirmed that obtained 
previously (Table III) that, between themselves, 
the second,' third and the fourth sowing dates 
did not differ significantly in the quality of 
lint. This observation was brought out clearly 
when, as in Table VII of mean values, the critical 
difference between two values was calculated 
using the mean square due to residual in this 
analysis. 


Table VI 


Values of mean sqiiare 


Source of 
valuation 

D. F, 

Mean fibre - 
length 

Modal length 

Fibre-length 

irregularity 

Mean fibre- 
weight per 
unit length 

V 1 

1 

Percentage 
of mature 
fibres 

1 

1 Highest 
: standard 
warp counts 
(calculated) 

Sowing dates 
Pickings 

Residual 

2 

13 

26 

O-OIOTIG'*!* 

0-027493**^ 

0-002945 

0-022306 

0-089670*^ 

0-007903 

3-25575 

6 - 54011 ** 

1 - 76533 

0-01168215 

0-0232434*’^' 

0-0035475 

I' 25-93575 i 

1 229-52857’*'* > 

■28-57033 i 

6-32475 
20-19531** 
2-84040 ' 


* Significant at 6 per cent level 
/S^^Significant at 1 per cent level 

Table VII 


Mean values of fibre cJiaracters in the second ^ third and the fourth sowing dates 


.Bowing date 

Mean 

length 

(cm.) 

■ 2 

Modal 

length 

(cm.) 

3 

Fibre-length 
irregularity 
(per cent) 

4- ■ 

Mean fibre- 
weight per 
unit length 
(IQT'Q gm./ 
cm.) 

> ^ „ 

1 ■ ■ 

1 l^ereentage 
of .mature 
fibres 

. ^ '■ ■ ■■ 

„ Highest 
standard 
warp' coiuits 
(caleiilated) 

■'■■■■^■'■' 

II ( 5 - 5 - 37 ) . . . . 

III ( 20 - 5 - 37 ) . . . . 

IV ( 4 - 6 - 37 ) .... 

Critical difference 

2-22 
2-20 
' 9.9n 

± 0 • 0435 

2-43 

2-40 

2-48 ■ 1 

±0-0713 , 

24*3 

23- 5 

24- 3 
±1*065 

1-224, 
1-268 * 
■■ 1-278 ■! 

-hO-047S 

. 21 -0 
..34-3'' 

■■31 -O. .. ■ ■:■■ 

±4-3, ' 

38-18 

37-18 

■38'*' 46',.'' 

. ±1'36„ '- 
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The above conclusion that the samples from the 
second, tliird and the fourth sowing dates did not 
show anv significant difference among themselves 
iustified'the procedure adopted below m consi- 
dering the variations in fibre characters frpiR 
picking to picking. The average in each picking 
of the three values of each fibre character of 
samples from the second, third and the fourth 
sowing dates could be treated as the fibre charac- 
ter of that picking. This procedure would also 
be in consonance with general agricultural practice 
in the Canal Colonies where the sowing of cotton 
is distributed, as already mentioned, over a 
fairly extended period, from the third week ol 
Mav to the second week of June, and any study 
of Variations in lint quality with progressive 

rn , 


pickings must aUow for that practice. This 
study would therefore be more representative of 
actual agricultural practice than studies of a 
similar nature which have been previously con- 
Sed by Ayyar and Eao [1930], Rao [1933] 
and Sen [1934, 2] in each of which the soiling was 
done on a stipulated day and pickings were made 

at suitable intervals. ^ _ 

The mean square due to pickings (Table V I) 
was highly significant in the case of all the six 
fibre characters thus indicating, in aggregate, a 
real variation in fibre characters due to variation 
in the time of picking. In Table VIII are given 
the mean values of the fibre characters for each 
picking. Considering the length values, it was 
Wnd that the mean fibre-length remained almost 


Table VIII 

Mean values of fibre characters in 'pro gre ssive p ickin gs 


Date of picking 


4-1047 . 
1M047 . 
18-10-87 . 
25-10-37 . 

Ml-37 . 

8-11-37 . 
15-11-37 . 
22-11-37 . 
29-11-37 . 

6-12-37 . 
13-12-37 . 
20-12-37 
27-12-37 . 

3-1-38 . 

Critical difference 


2-27 

2-36 

2-23 

2-24 

2-30 

2*24 

2*30 

2-25 

2-25 

2*27 

2-23 

2-08 

2*04 

2*06 

±0*0939 


2*13 

±0*164 


SBSitantrVffhte the limltT^ariabiMy, in au’ 
the pickings from 4 October to 13 DecembOT, 
1937 ' thereafter it showed a sudden and signin- 
cantfall. The modal length and fibre-length irre- 
gularity, being characters derived from mean 
fibre length, showed a similar trend. Much im- 
portance is not to be attached, however, to the 
fall in fibre-length irregularity, which ortoarily 
would be desirable but, being in this case 
associated with a fall in the mean fibre- 
leno'th, did not connote any real improvement 
inequality. The mean fibre-weight per 
length, after fluctuating a. little during _the first 
three pickings, ceased to show any significant 
difference from picking to picking up to 20 
December, after which it feU. The percentage 
of mature fibres closely followed the variations 
in the mean fibre- weight per unit length. It 
must, however, be mentioned that the fall in the 
mean fibre-weight per unit length, being here 


Fibre-len^li 
irregularity 
(per cent) 


24*5 

24*0 

25*0 

26*2 

24*9 

26*1 

24*1 

24*0 

25*9 

24*1 

23*4 

23*4 

20*4 

22*3 

±2*301 


Mean fibre 
weight per 
unit length 
(lO'^e gm./ 
cm.) 

5 

1*18 

D33 

1*16 

1*26 

1*22 

1*31 

1*41 

1*33 

1*32 

1*32 

1*26 

1*23 

1*18 

1*07 

±0*1032 


Percentage 
of mature 
fibres 


23*7 

29*3 

25*0 

36*0 

36*3 

38*7 

40*7 

40*7 

40*0 

40*3 

41*0 

31*7 

18*3 

16*3 

±9*258 


Highest 
standard 
warp counts 
(calculated) 


39*83 
40*87 
38*50 
38*67 
40*97 
38*20 
38-'* 93 
38*23 
38*50 
39 • 13 
38*80 
33*97 
32*20 
34*33 
±2*919 


associated with a faU m maturity, did not indicate 
an improvement in lint quality, which it other- 
wise would, had not maturity also varied. _The 
calculated H. S. W. C. remained constant within 
the Umits of variability in all pickings from 
4 October to 13 December, 1937. There- 
after it showed a significant deterioration. On 
the whole, it could he stated that, while the lint 
quality did not show any significant difference 
from picking to picking up to about the middle of 
December, there was a sudden faU therafter.* 
*At a conference in. December 1940, Mr. V. Yenkata- 
raman of the Indian Central Cotton Committee Techno- 
logical Laboratory, Matunga, Bombay, suggested to one 
of us that a further application of analysis of variance 
to the values of fibre-characters of samples from the 
second, third and the fourth sowing dates in pickings up 
to 13 December 1937 may bring out ^ any finer 
variation in lint quality within these pickings. This 
analysis was carried out and it was found that no finer 
variations, other than those brought out in the above 

analysis, were indicated, 
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Table X 


The difference in fibre characters of samples 

picked before and after the middle of December 
are rendered more marked in Table IX where the 
average values of these characters aie given in 
columns 2 and 3 respectively. It will be seen 
that the lint picked before the middle of December 

Table IX 




1^. ^ 





Average value 

Fibre character 

Up to 15 
December 
1937 

After 15 
December 
1937 

1 

2 

3 

1. Mean fibre-length (cm.). 

2*27 

2*06 

2. Modal length (cm.) 

2-52 

2*14 

3. Fibre-length irregularity (per 
cent) 

24*6 

22*0 

4. Mean fibre -weight per unit 
length (10'~6 gm/om.) 

1*28 

1*16 

5. Percentage of mature fibres . 

35-6 

21*1 

6. Highest standard warp counts 
(calculated) 

39*15 

33*5 


Comlaiion coefficients 




Correlation coefficients 

Source of 
variation 

D. F. 

Iw 

1 ^ w m 


1 


3 

4 

5 

Sowing dates . 

2 

+ 0*3606 

+ 0-3426 

—0*7526 . 

Pickings . 

13 

+ 0*7165 

+ 0-8232 

+ 0*5862 

Residual , 

26 

+ 0*0913 

+ 0-6322** 

+ 0*4438* 


was, on the average, longer, heavier and maturer 
than that picked after that date. While^ the lint 
obtained from pickings before the middle of 
December could spin up to 39*0 (calculated) 
H. S. W. C., that from pickings after that date 
could spin only up to 33*5 (calculated) H. S. W. C. 
The quantity of lint yielded after the middle of 
December being only 5*74: per cent of the total, 
the advisability of not mixing the yield obtained 
after this date with that obtained before is too 
evident to need further emphasis. 

The perfectly representative nature of the values 
of fibre characters of samples used in deriving the 
above conclusions regarding the variations in lint 
quality with progressive pickings was demonstrat- 
ed by the significance of the residual correlation 
coefficients (f) between the pairs of fibre cha- 
racters : 

(a) Mean fibre-length and mean fibre-w^eight 
per unitTength, 

(5) Mean fibre-weight per unit length and 
percentage of mature fibres, and 

(c) Percentage of mature fibres and mean 
fibre-length. 


N.B.—1 stands for mean fibre-lengtn ,* w staiias lo 
mean fibre-weight per unit length ; and, m stands for 
percentage of mature fibres 
^ ^Significant at 5 per cent level 
♦^Significant at 1 per cent level 

The values of r are given in columns 3, 4 and 5 
of Table X. The modal length and fibre-length 
irreo’ularity are not included in this analysis ^ as 
these, being characters derived by calculation 
from mean fibre-length, would show trends 
of variation quite similar to that of mean fibre- 
length. After separating the correlation^ co- 
efiicients due to sowing dates ^ and to picking, 
the residual correlation coefficient betw^een the 
first pair of fibre characters was r 

and that between the second pair f 0*6322, 

and that between the last pair r , 44 ^ 8 . 

For 25 degrees of freedom the first correlation 
coefficient was non-significant, the second w^as 
sio'nificant at 1 per cent level and the last signi- 
fiSint at 5 per cent level. This rasult is ni con- 
formity with that obtained by Xoshal, Gulati 
and Ahmad [1940] from quite different consi- 
derations altogether. 

Summary 

In a major portion of the Canal Colonies in the 
Punjab, the general agricultural practice of 
sowing cotton extends over a period ^f about 

a month from IS* May to 16 June. To .stridy 
the effect of date of sowing on the quality of hnt 
of P -A 289F /43. sowings were carried out m 
1937 in randomized blocks with seven replications 
The dates of sowing vrere : 

I. 15 April 
II. 5 May 

III. 20 May 

IV. 4 June and 
V. 1 July- 


■ 366 . 

The third' and, the fourth 'sowings were within 
the range of. general, agricultural practice, the 
second was slightly earlier, the first too early and 
the fifth too late. The lint produced in each of 
the sowings w^as tested for the six fibre characters. 

(a) Mea.ii fibre-length, 

(b) Modal length, 

(c) Tibre-leiigth irregularity (per cent), 

{d) Mean fibre-weight per unit length, 

(e) Percentage of mature fi brers, and 

(/) Highest standard warp counts (calculated)* 

The third and the fourth sowings yielded lin'^ 
of the same quality. The second sowing, some- 
what earlier than in normal agricultural practice, 
had, in this year, produced lint of the same quality 
as in the third and the fourth sowings. The 
first sowing produced lint definitely inferior in 
quality to those from the second, third and the 
fourth sowings. The pickings from the fifth 
sowing were on the aggregate similar in quality 
to corresponding pickings from the second, third 
and the fourth sowings even though the lower 
percentage of mature fibres in the former would 
detract from the quality of the yarn spun from 
them by introducing such undesirable factors as 
neppiness, which are known to he caused, inter 
alia^ by immature fibres. 

Acknowledgements 

We are thankful to Dr Nazir Ahmad, O.B.E., 
P. Inst. P., J. P., Director, Technological Labora- 
tory, Matunga, Bomha}^ for his helpful interest 
in the preparation of this paper. We are also 
obliged to Mi* R. S. Koshal of the Technological 


[xiii 

Laboratory, Matunga, Bombay, for guidance 
in preparing Table X of correlation coefficients. 

This work was carried out as a part of the 
Punjab Botanical Research Scheme jointly 
financed by the Punjab Government and the 
Indian Central Cotton Committee, Bombay. 

REFERENCES 

Ahmad, N. (1933). Testing of Indian Cottons at the 
Technological Laboratory. Ind. OenL GoU. Gomm. 
Tech, Lab,, Tech. Bull, Ser. A, No. 25 
Ahmad, N. and Gulati, A. N. (1936). A new device for 
mounting cotton fibres. J, Text. Inst., T 109-T 111 
Ahmad, N. (1941). A review of the position regarding 
relation of fibre-properties to spinning performance 
of Indian cottons. Paper No. 2 in Cotton Technology, 
Ind. Cent. Cott. Comm. Sec, Gonf- of Sci. Res. Workers 
on Cotton in India 

Anonymous (1937). Instructions to Farmers, Punjab 
Dept, of Agric. pamphlet No, 135 
Ayyar, V. R. and Rao, 0. J. (1930). Variation in lint 
length in cotton. Agric. J. India. 25, 42-52 
Gulati, A. N. and Ahmad, N. (1935). Fibre-maturity in 
relation to fibre and yarn characteristics of Indian 
cottons. Ind. Cent. Cott. Comm, Tech. Lab., Tech. 
Bull. Ser. B, No. 20 

Koshal, R. S., Gulati, A. N. and Ahmad, N. (1940). The 
inheritance of mean fibre-length, fibre-weight per unit 
length and fibre-maturity of cotton. Ind. Cent. CoU. 
Comm. Tech. Lab., Tech. Bull. Ser. B, No. 28 
Rao, C. J. (1933). Influence on quality of picking-date 
of parent seed of Indian cotton plant. Madras agric. 
J. 21, 28-32 

Sen, K. R. (1934, 1). Studies of variations in the physical 
properties of cotton (An epitome of the thesis accepted 
for D.Sc. by the Dacca University) 

Sen, K. R. (1934, 2). Variations in the characters of 
cotton fibres with the progress of the season. , , Indian 
J. agric. Sci. 4, 295-319 

Tippett, L. H. C. (1937). The Methods of Statistics. 
(London: Williams and Norgate Ltd.) pp. 112-114 


Till iHDtAN JOUM-NAL OF AGMOULTURAL SCIENCE 


I 


JEFFECT Of DIFFERENTIAL IRRIGATION ON FIELD BEHAVIODR 
AND QUALITY OF PUNJAB-AMERICAN 4F COTTON* 

By Mohammad Afzal, Cotton Eesearch Botanist, Lyallpur, and Mazib Ahmad, Director, 
Teclinological Laboratory, Matunga, Bombay 

(Received for publication on 2 July 1942) 


I The Fiiiijab bas perhaps the biggest irrigation 

system in the world. Of the total cultivated 
area of about 30 million acres under all kinds of 
crops, about- 50 per cent is irrigated from canals, 
wells, tanks and other sources of water supply. 
The canals, however, are the biggest source 
of irrigation, supplying water to more than 70 
I V per cent of the irrigated area. The area under 
I cotton has averaged about 2*8 million acres 

during the last five years, and of this about 93 
per cent or 2-6 million acres is irrigated. About 
65 per cent of the total area under cotton in the 
Punjab is concentrated in the Canal Colonies 
which comprise the richest districts in the pro- 
vince. Amongst the Canal Colonies, the Lower 
Chenab Canal Colony, with its headquarters at 
Lyallpur, is the oldest and most prosperous. 

The authorized discharge of the Lower Chenab 
^ Canal is 9,900 cusecs in rabi (winter) and 11,000 

ciiseos in /cten/ (summer). The duty of water is 
^ 4 352 acres of which the permissible cultivation is 

I 264 acres. This means that the canal authorities 

guarantee irrigation to 75 per cent of the culti- 
vated area. The high level of prices of agricui- 
tural produce during the early twenties, coupled 
with a lack of proper appreciation of the water 
requirements of the various crops, induced the 
zemindars to sow areas much in excess of the 
permissible. The inevitable result was that, on 
account of a larger area under crops than was 
justifiable on the basis of water supply, all crops 
received less water with consequent reduction in 
I ^ yield. The canals are run on a very rigid system 
^ and while the canal authorities cannot allow a 

flow larger than the permissible either in the main 
or the subsidiary channels, the zemindars, having 
sown bigger areas, are always attempting to lay 
the blame of lower yields at the door of tlie canal 
authorities. This is especiafly the case with 
cotton. Experiments were, therefore, designed 
to find out the optimum water requirements of the 
Punjab “American cottons, using 4E as the stand- 
ard, as ^his variety |g one which is most ex- 
tensively culD'^ated. 

i * Read at the Science Congress, Baroda, January 1942 


Peevioits literature 

Watering experiments on cotton have not been 
done on any extensive scale in India. 

Milne [1&2, 1924] remarked that the failures 
of cotton occasionally experienced in the Punjab 
were manifestation of water stress behaviour in 
abnormal years of low humidity and high tempera- 
tures during flowering and fruiting season. He 
recommended that American cotton should be 
given two irrigations in September, two in 
October and one in November or December. 
King [1922] carried out experiments on the irri- 
gation requirements of Pima cotton in Arizona. 
He found that heavier yields were obtained with 
more frequent irrigation. Shantz and Pemeisal 
[1927] state that 574 ± 9 lb. of water were re- 
quired by the cotton plant to produce one lb, 
of dry matter. This figure compared very 
favourably with that of wheat and oats in that 
locality. Beckett and Dunshee [1932] have re- 
ported their results on the water requirements 
of cotton on sandy loam soil in Southern San 
Joaquin valley of California. They found that 
‘ When grown with available moisture continu- 
ously present throughout the season to 5 ft. 
depth, a full stand of cotton used on an average of 
29 • 5 acre inches ’ . McDowell [1937] carried out 
irrigation experiments on Miller loam soil in 
Arizona using irrigation rates ranging from 2 to 34 
acre inches. He found that the highest average 
yield of lint per acre resulted from the use of 30 
acre inches of water. 

Bamanatha Ayyar, Ahmad and Thiruma- 
lachari [1940] have reported the results of 
watering experiments on Cambodia cotton. They 
found that although highest yield was obtained 
by applying irrigation every week, but irrigation 
every three weeks was most profitable. They 
also found that ridging the soil did not result in 
any economy of water. 

ExPEEIMEXTAL METHODS AND EESULTS 

In ecological relation to the cotton plant, the 
climate of the Canal Colonies could be described 
as hot and dry during the period of sowing 
germination and early growth, i.e. during April, 
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5|ay and June. The period of active vegetative beds 
0|.owtli— July and August — coincides with the meth 
hiqUSOOii season, when the climate is hot and moist, maki 
Du^ring both these periods hot winds are dibbl 

Yery usually 10-15 dust betw 

storms. The main flowering season (September- wetti 
October) is mild and dry. The picking season, irrig^ 
i.e. November, December and early January is meas 
usually dry and cold. There is, however, an weir? 
expectation of light showers about Christmas Tt 

time. The first frost usually occurs during the intei 

third week of December. There are no frosts quen 
after 15 February. _ Ti 

The experiment was designed according to the thre( 
method of Udney Yule in which all treatments tiom 
were arranged in a systematic order without Ti 

randomization and there were 8 to 10 replications Typ' 
each year. The area of individual beds was 1/10 T\ 
acre and non-experimental strips 9 ft. wide, wew 
accommodating three rows of cotton, were pro- culti 
Tided between the experimental beds to eliminate was 
the effect of lateral seepage. The quantity of water beds 
applied to each bed at each irrigation was mea- irrig 
sured by means of Cipolletti weirs [IVadsworth, that 
1922]. seve 

The systems of irrigation under experiment norr 
were as follows : 

Type I. Imgation after every three weeks som 

Type II- Irrigation after every four weeks An 

Type ///. Irrigation after every five weeks cult 

For the first five years of the experiment, these T 
three types of irrigation were applied to both flat afte 

Table I 


beds and ridged plots according to the Egyptian 
method of sowing cotton which consisted of 
making ridges 2| fk apart, watering them and then 
dibbling seeds on ridges keeping 15 in. distance 
between consecutive holes. The uniformity in 
wetting of ridged and flat plots in consecutive 
irrigations was obtained by letting in each time a 
measured quantity of water by means of Cipolletti 


Type IV. First irrigation was given at an 
interval of three weeks after sowing and subse- 
quent irrigations after every fortnight. 

Type V. (Started in 1930). First irrigation 
three weeks after sowing and subsequent irriga- 
tions as for Type VII. 

Type VI. (Started in 1930). Irrigation as for 
Type VII with two or three late irrigations. 

Type VII. Zemindari irrigation. Irrigations 
were given according to the method followed by 
cultivators. One cultivator in a nearby village 
was taken as the standard and irrigations to these 
beds were given on the dates when this cultivator 
irrigated his cotton. It may here be mentioned 
that holdings, in general, are not very large and 
several farmers are served by one channel. The 
normal interval between successive turns, to any 
one cultivator, is 12 or 13 days. There are 
sometimes canal closures which upset this routine. 
An average programme of irrigation followed by 
cultivators is as follows : 

The first irrigation is given five to seven weeks 
after sowing, followed by three irrigations at 


Irrigations and rainfall 


Tear 

IF 

IE 

IIF 

HE 

IIIF 

IIIR 

IV 

V 

VI 

VII 

Eainfall 

Eenaarks 


7 

7 

5 

5 

5 

5 

10 



6 


The number of irri- 

liN 

16*39 

14*89 

12*39 

11*55 

12*50 

11*24 

24*54 



14*59 

11*71 

gations in II & III 

19^8 w 

28*10 

26*60 

24*10 

23*26 

24*2 

22*95 

36*2 


1 

26*3 


were equal due to 

J- 












interference by rain 


6 

6 

4 

4 

3 

3 

9 



5 



1929 W 

17*84 

17*78 

11*15 

12*85 

9*38 

9*03 

22*58 



13*97 

8*64 


T 

26*5 

26*4 . 

19*8 

21*49 

18*00 

17*67 

31*2 



22*6 



Tsr 

7 

7 

5 

5 

5 

6 

9 

7 

6 

5 


The number of irri- 

Vi 

16 • 58 

18*81 

13*11 

14*03 

12*43 

13*86 

21*78 

16*33 

13*96 

11*36 

6*43 

gations in II and III 

iVtiU »» 

rn 

22*0 

24 *2- 

18*5 

19*5 

17*9 

19*3 

27*2 

21*8 

19*4 

16*8 


were equal due to 

i 












interference by rain 

■ N 

6 

6 

4 

4 

3 

3 

7 

4 

6 

6 



1931 W 

17*95 

17*88 

11*84 

11*76 

8*97 

9*03 

20*84 

11*08 

17*79 

15*15 

15*73 


T 

33*7 

33*6 

27-6 

■ 27*5 

24*7 

24*8 

36*6 

27*4 

33*5 

30*9 



N 

7 

7 

, 5 

5 

4 

4 

10 

7 

8 

6 



3932 W 

20*07 

19*89 

24*29 

14*22 

12*00 

12*06 

29*25 

20*06 

23*11 

17*15 

6*72 


T 

26*8 

1 26*6 

21*0 

20*9 

18*7 

18*8 : 

36*0 

26*8 

29*8 

23*9 



N 

6 

1 

4 


4 


9 

4 

5 

3 



1933 W 

18*03 


11*96 


11*96 


26*97 

12*13 

14*89 

8*98 

13*05 


. T 

31*1 


25*0 


25*0 


40*0 

25*2 

27*9 

22*0 




6 


5 


4 


9 

7 

8 

6 



1934 W 

17*99 


15*03 


12*09 


26*92 

20*94 

23*95 

17*83 

5*48 


. ,T' 

'.23 -S'' ' 


20*5 


17*6 

... 

32*4 

26*4 

29-4 

23*3 



N , 

'■ 7; 


A 5'. 


4 


10 

7 

8 

6 



1935 ■ W 1 

21*09 


15*07 


11*85 


30*02 

21*02 

24*00 

17*98 

3*57 


T 

24.* 7. 


18*7 


15*4 


33*6 

1 

24*6 

27*0 

21*5 




^ jir Number of , 

W — ^cre indies of water applied through irrigation 

rj; — Total acres inches of water applied (irrigation + rainfall) 


F — Flat 
E — ^^Eidged 




. tV] , EFFECT OF DIFFERENTIAL 

interval of three weeks. Tlie. last t%vo irrigations 
, are given at intervals of two weeks. 

It must here he mentioned that wide deviations 
from the above routine are not possible as each 
s V cultivator has to distribute his share of water to 
all his crops. ■ 

The programme of irrigation as detailed above 
had to be modified during monsoon on account of 
. the rain and suitable adjustments had to be 

made. 

The details of irrigation are given in Table I. 
Development records 

Counts of flower production and boll maturation 
were kept in all years. 

Floiver production. Mower counting was done 
in all treatments every year. For this purj)ose 
f six plants were chosen at random from each bed 

and the flowers produced per plant per day were 
counted. The number of plants chosen for this 
purpose in the different types of irrigation varied 
from 48 to 60 according to the number of re- 
petitions in any one year. 

The plants in heavily watered beds had a 
tendency to produce the first flower somewhat 
later than the plants receiving comparatively less 
water. King [1922 J, however, found that Hhe 
f plants frequently watered produced a greater 

number of flowers during the first 45 days of 
. flowering k He, therefore, found that frequent 

irrigations after the appearance of first flower 
were conducive to earlier crop. 

The correlation between the amount of water 
applied and the number of flowers produced, 
between the number of flowers opened and the 
bolls produced and between the number of flowers 
and the final yield obtained have been worked 
out for different years and are given in Table II. 


Table II 

Correlation between watering, flowering, boiling and 
yield 


'Year 

Watering 

and 

dowering 

Flowering 

and 

boiling 

Flowering 

and 

yield 

1928 


0-472 

**0-900 

0*305 

1929 . 


0*379 

*'^0*844 

0*089 

1930 . . 

. 

0*034 

**0-832 

0-422 

1931 . 


0*447 

1 **0-842 

*0-639 

1932 . - 


-™0-407 

; **0-817 

0-379 

1933 . 


0*381 

' 0*522 

0-178 

1934 . 


0*239 

**0-880 

0-235 

1935 . . 


1 0*492 

**0-978 

*0-846 

Within years . 

• 

0*239; 

**0*860 

**0-355 


**Sigmficant at 1 per cent level 
^Significant at 6 per cent level 
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It may be mentioned that in working out the 
correlations the number of flowers and bolls have 
been taken from flat beds and the yield from 

the entire experimental ])lot. 

It will bo seen tliat the quantity of water applicKi 
'had no effect on tlie nimiber of ilowors produced. 
The correlations in individual years as well as 
that within years were all non-sigiiifi.caiit. In 1932 
the correlation w^as negative, although non- 
significant. This was probably due to unusually 
early occurrence of frost during this year.. 

Tlxe correlations between fio'weriiig and boiling 
were all significant except during 1933. No 
explanation can be suggested for this deviation. . 

The correlations between fiownring and yield 
in the individual years were non -significant except 
during 1931 and 1935, when these were significant 
at 5 per cent level. If, however, the results of all 
the years are considered together, the correlation 
between number of flowers and yield is significant 
at 1 per cent level. 

Boll production. Boll counting was also done 
on the plants reserved for flower counting. Due 
to daily handling these plants were somewhat 
stunted, but as the effect of handling was equal 
in all eases the figures obtained from various 
treatments are comparable. 

A point w'orth mentioning is that as the plants 
supplied wdth less water had a tendency to produce 
flowers earlier than those supplied with more 
water, it w^as to be expected that boU production 
wmuld also be earlier in tlie former case. This 
actually liappend and the ‘ arrival ’ of the crop 
in the beds irrigated less frequently was earlier 
than in those having more irrigations. In this 
connection the statement made by King [1922] 
wmiild be of interest. He says that ‘ plants growing 
in soil which was supplied with water sparingly 
throughout the season produced a greater 
number of bolls late in the season than plants 
provided with larger supplies of soil moisture h 
It has, however,’ always been found at Lyalipur 
that larger supplies of soil moisture tended to 
make the crop late. 

The correlations between the amount of water 
applied and the number of bolls produced and 
between the number of bolls and the yield ob- 
tained are given in Table III. 

It w^ill be observed from Table III that the 
correlation between boiling and w^atering was 
non-significant in individual years, but when all 
the years were considered together a signifi- 
cantly positive correlation at 5 per cent level 
was obtained. This indicates that in general the 
number of bolls per plant is likely to be im- 
proved by the application of greater quantity 
of water to the crop. This fact becomes very 
interesting when it is considered that a large 


I: 


§60 

number of irrigations did not increase flowering 
(Table II), but" it did improve boiling. It may, 
tberefore, be concluded that tlie increased quantity 
of water somewhat reduced the shedding percent- 
age of boils. 

TikBLE III 


Corfdation between uaiermg, boiling and yield 


, , . Year 

Watering 

and 

bolls 

Bolling 

and 

yield 

192g 



0*565 

0*431 

1929 



0*416 

0*212 

1930 



0*463 

**0-804 

1931 



0*300 

0*584 

1932 



—0*287 

0*619 

1933 



—0*429 

1 —0*681 

1934 



0*600 

0*618 

1935 



1 0*645 

[ **0-918 


Within years 


*0*298 

I 

**0-515 


^*Significant at 1 per cent level 
*Significant at 5 per cent level 


[xiit 

The correlation between boiling and yield was 
mostly non-significant in individual years, but when 
the results of all the years were considered together, 
the correlation was significant at 1 per cent level. 

It must, however, be reiterated that both the 
flowering and holling records were taken on the 
same plants which became stunted due to cons- 
tant handling [Templeton, 1932] and therefore 
such plants were not exactly representative ot 
other plants in the field. But since handling of 
the plants was done each year and in each treat- 
ment, the number of flowers and bolls produced 
under different irrigation treatments can be 
mployed for purposes of comparison. 

Held 

' The yield obtained from the various treatments 
in different years is given in Table IV. 

As types I, II and III are comparable, it may be 
observed that ridge sowing versus flat sowing has 
given indifferent results. The difference was 
most marked in 1931 in which ridged plots gave 
distinctly lower yields than the flats. Although 
sowing on ridges is the universal method in 
Egypt, this practice has been found of doubtful 
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Table IV 

Tabulated yields in lb. per acre of watering experiment 


Types 


1 Flat . 

I Ridge 

II Flat . 

II Ridge 

III Flat 

III Ridge 

IV Flat 

V . . 

VI . 

VII 

standard error 

Critical . 

Mean differ- 
ence 


1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

Average 

1928-35 

444 

1029 

1603 

892 

845 

1581 

1366 

823 

1072 

465 

1078 

1522 

778 

916 




952 

339 

920 

1044 

885 

1100 

i339 

i250 

823 

964 

368 

1000 

1087 

711 

978 




oZ9 

382 

709 

1058 

781 

1031 

i399 

il28 

445 

867 

371 

799 

1006 

599 

1027 




/60 

751 

1139 

1624 

919 

1153 

i491 

3.811 

i2io 

1262 



1339 

875 

1276 

1358 

1550 

i 1112 

12o3 



1260 

796 

1043 

1402 

1497 

976 

1161 

j 451 1 

921 

1336 

828 

922 

1389 

1511 

1005 

3165 

i ±60 

±67 ' 

1 ±78 

±36 

±77 

±77 

±100 

±93 


I 5 o/o 
j 141-900 

158-455 

176-436 

81-432 

174-174 

188-419 

244-700 

227 -S?! 


j 1 % 
j 209-940 

234-433 

253-500 

117-00 

250-250 

286-439 

370-700 

344-751 



value in the Punjab and the extra cost of ridging 
the soil and dibbling the seed by hand does not 
seem to be justified. As regards the flat beds, 
type I w^as significantly (5 per cent level) better 
than both types II and III in 1930. During 
1928 and 1933, t 3 rpe I gave better results than 
type II, though the difference in yield was 
statistically significant only in the latter year. 
The difference in yield between type II and 
type III, however, was not significant in both 
these years. During 1929 and 1935, both types I 


and II, though equal in themselves, were signi- 
ficantly better than type III. During 1931, type 
I was significantly better than type III while 
the difference in the yield of type II and type 
III was not significant. The year 1932 was rather 
peculiar in that during this year type 1 irrigation, 
in which the greatest quantity of water was 
applied, gave the lowest yield. This was, pro- 
bably, due to the occurrence of early frost in this 
season. The opening of bolls in beds w^hich 
received this treatment was somewhat delayed 
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and frost did more damage, to the crop in these significant in a.ll years except 1932 when typo V 
beds as compared to the beds which had received ■ was better than both typos XI ajid XIL 
less water and wwe, therefore, earlier in ripening. There was no diftereiice between types \ 1 . and 
On the average of eight years, it may be said VII, showing thereby that no iiTigatloii after the 
that the crop which was irrigated after every middle .of October was required by the crop., 
three iveeks , gave heavier yield than the crop Statistical study by means of the analysis of 
irrigated after longer intervals. variance and covariance of the aiiioii,iit of 'water 

Type IV is a class by itself. Heaviest yield w^as applied and the yield obtained showed that the 
usually recorded in this type. yield was, in general,' correlated with the amount 

Types V, VI and VII are again comparable, of water applied to the crop. The data are 
The differences in yield in those types were non- given in Table V. 

Table V 


Analysis of covariance 


Year 

D. F. 

Sum of 
squares of 
yield 

Sum of 
products 

S. S. for 
water 

Correlation 

1928 . . . . 

7 

120667*87 

3879*28 

128*84 

’’'^0*984 

1929 . . . . . 

7 

143465*87 

4303*22 

157*12 

’’‘*0*907 

1930 

9 

505574* 90 

5147*16 

90*36 

*0*762 ■. 

1931 . . . . . . 

9 j 

85032*40 

2025*28 

157*16 

0*580 

1932 . . 

9 

142304*90 

1406*47 

265*18 

0*221 

1933 . . . . . . . . i 

6 

43041*43 

2017*96 

' 215*45 

0*663 

1934 . 

6 

296307*70 

6297*61 

i 155*72 

**0-927 

1935 ........ 

6 

375465*70 

7407*00 

'213*76 

**0*'827 

Within years . . , . . . . 

59 

I 1711860*77 

i 

32483*98 

1 

1383*59 1 

1 

**0*668 


**Significant at 1 per cent level 
’’"Significant at 5 per cent level 

It will be seen from Table V that the coefficients strength, single thread strength, yarn evenness 
of correlation between the amount of w^ater and number of neps per yard. The methods 
applied and the yield obtained were non-significant employed in carrying out these tests as well as the 
during 1931, 1932 and 1933, A possible explana- number of tests made in each case have already 
tion. for this is that the rainfall was very high been described by one of us [xAhniad, 1933], The 
during 1931 and 1933 (Table I) and the differ- results of these tests have been summarized in 
entiai effect of the varying number of irrigations Table VI. 

was masked. In 1932, on the other hand, the frosts We can draw^ a number of interesting conclu- 
occurred very early and the beds which had sions by comparing among themselves the values 
received larger quantities of wmter, being late in given in Table VI of the various fibre properties 
maturing, suffered more. This had an equalizing of the samples or their spinning performance, 
effect on the yields obtained from various beds However, as the same treatment was given to 
and, therefore, the correlation coefficient between these samples for four successive seasons, we are 
the amount of water . applied and the yield ob- in a position to apply the analysis of variance and 
tained was non-significant. It may, however, covariance to the experimental data, which would 
be stated that, within the limits of the present give the correlation coefficients between the 
experiment, high yields were usually obtained by various characters as well as the critical differ - 
applying larger quantities of water. ences by means of which w^e may Judge the signi- 

_ ficance or non-significance of the observed differ- 

Teoheological tests ences. These calculations are shown in Table 

{a) Fibre and spinning tests. The samples of VII while Table VIII shows the mean values 
P.-A. 4F raised in the four seasons 1932-36 with for the four seasons of each fibre property and the 
different treatments of irrigation were tested at spiiming performance together with the relative 
the Technological Laboratory for mean fibre* critical differences for F = 0*05. Before we 
length, fibre-weight per inch and percentage of consider each property separately, %ve will offer a 
mature, half -mature and immature fibres. They few general remarks on the extent and significance 
were furthermore spun into suitable counts, of variations observed in them. It will be 
and the yarns obtained were tested for lea breaking noticed, from a comparison of the variance shown 
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Table 

Fibre and spinning test results 




Ko. of irrigations . j 

Total amount of 
water received (in.) 
(Irrigation and rainfall) 

Fibre-length (in.) 

Fibre-weight per inch 
(10“® oz.) 

Type of irrigation 

32-33 

33-34 

' 34-35 

1 

35-36 

j 32-33 

j 33-34 

' 34-35 

1 

1 

85-36 

32-33 

33-34 

34-35 

35-36 

32-33 

33-34 

34-35 

35-36 

1 

. . 

7 

1 

6 

7 

26-8 

31*1 

23*6 

24*7 

0*76 

0-76 

0*84 

0-79 

0*160 

0-158 

0-137 

0-151 

II . 

. . . 

5 

4 

5 

5 

21-0 

26*0 

20^6 

l'8-7 

0-77 

0*74 

0*80 

0-80 

0-156 

0-142 

0-148 

0-156 

Ill . 

. 

4 

4 

4 

4 

18*7 

^ 25*0 

17*6 

15-4 

0*77 

1 0*73 

0*76 

0*76 

0-143 

0-139 

0-153 

0-156 

IV . 

i 

10 

9 

0 

10 

36*0 

40*0 

32-4 

83-6 

0-79 

0-79 

0-83 

0-84 

0-176 

0-129 

0-149 

0-150 

V . 


7 

4 

7 

7 

26*8 

1 

25*2 

1 

26*4 

1 24*6 

0*78 

0*77 

0*82 

0*80 

0-153 

0-136 

0-154 

0*157 

VI . 


8 

5 

8 

8 

1 

29*8 1 

1 27-9 

29*4 

27-6 

0*78 

0-n 

0-81 

0-83 

0-148 

0-144 

0-153 

0-128 

VII . 


6 

L 

6 

i 6 

23*9 

22*0 

23 *3 

21*5 

1 

0-78 

0*77 

0-81 

0-82 

0-143 

1 

0-145 

0-153 

0-141 


Table 

Analysis of variance and covariance 


i Source of variation 

Degrees 

of 

freedom 

Sum of squares 

""SISE 

Fibre 

Length 

(in.) 

Fibre- 

weight 

10 ^oz./in. 

1 

Maturity 

per 

cent 

Standard 
hair wt. 

10~^ oz./in. 

H.S.W.C 

1932-33 . - 

6 

198-2771 

0-000571 

0-00080286 

171-43 

0-00071743 

4-8571 

1933-34 . . 

6 

215-4543 

0*002400 

0-00048286 

100 -ae 

0-00052371 

3-3571 

1934-35 . . • . 

6 

155-7143 

0-004000 

0-00023286 

136-86 

0 •00035143 

14-8571, 

1935-36 

■ 

213*7543 

0-004371 

0-00066971 

13-71 

0-00099886 

41*8571 









. ■ -.“f Total (within seasons) , . 

r'',, • 24 

783-2000 

0*011342 

0-00218829 

422-86 

i 

0-00259143 

64 •9284 

P'' i Between 7 irrigation types . . ’ 

]; \ ' j 

6 

706-5886 

0*007671 

0*00023236 | 

135-93 

0-00031436 

27-6250 

1 Error , : * : . , • j 

18 

76-6114 

0-003671 

0-00195593 : 

286-93 

0-00227707 

37-3034 

1 

\ 



% 


363 




>1 J ^ 


IV] 

VI 

of F.-A. 4F. 1932-36 
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' i V 




V I 


Maturity (per cent) 

Standard hair-weight 
lO'-fi oz. 

Total loss 

(pe cent) 

Neps per yard 

1... 

' 

Highest stendard warp 
counts 

32-33 

33-34 

34-35 

35-36 

32-33 

33-34 

34-35 

35-36 

32-33 

33-34 

! 

34-35 

35-36 

32-33 

33-34 

34-35 

35-36 

32-38 

33-34 

34-35 

35-36 

44 

61 

33 

46 

0*194 

0*170 

0*168 

0*174 

17*7 

i 

1 16*8 

I 

19*4 

18*4 

0*9 

0*6 

0*7 

0*9 

24 

m 

30i 

26 

41 

53 

34 

47 

0*192 

0*162 

0*181 

0*178 

16*1 

i 

16*9 

18*7 

18*4 

0*7 

0*9 

1*2 

1*1 

2H 

22| 

291 

241 

49 

49 

35 

47 

0*169 

0*164 

0*189 

0*180 

16*2 

17*0 

19*1 

18*6 

0-9 

1*6 

1*4 

1*0 

24 

24 

291 

21i 

52 

60 

44 

47 

0*202 

0*141 

0*173 

0*174 

15*2 

16*5 

19*1 

18*0 

1*0 

1*6 

0*6 

0*6 

251 

22 

34 

28 

43 

67 

40 

46 

o 

00 

00 

0*153 

0*180 

0*177 

16*7 

17*8 

18*3 

17*3 

1*4 

1*3 

1*2 

1*3 

24i 

23 

32 

29 

86 

57 

42 

49 

0*191 

0*158 

0*176 

0*143 

17*5 

16*6 

18*4 

17*2 

1*1 

0*8 

0*4 

0*9 

26 

28 

31| 

00 

©I 

41 

56 

32 

44 1 

0*178 

0*162 

0*188 

0*165 

17*8 

17*8 

18*9 

. 

17*2 

1*1 

0*6 

0*7 

1*2 

25 

22 

31 

27 


VII 

of P.-A. 4F. 1932.36 


Sum of products 

Correlation coeificient 






r 

f 

f 

f 

f 

1*2 

1*3 

1*4 

1*5 

1*6 

12 

13 

U 

15 

16 

0*21129 

0*294457 

33*8887 

0*296186 

22*7571 

0*628 

0*738 

0*184 

*•0785' 

0*733 

0*42200 

-*0* 098771 

90*5714 

-0*206914 

-5*9214 

0*587 

-0*303 

0*614 

-0*616 

-0*220 

0*53200 

*“0*002471 

121*0715 

-0*137457 

44 *67114 

0*674 

-0*013 

^ *0*829 

-0*688 

1 **0*029 

0*78986 

-0*138186 

2*7143 

-0*167429 

74*8286 

*0*817 

-0-366 

0*050 

-0*362 

*0-791 ‘ 

1* 95515 

0*055029 

248*2429 

-0*15614 

136*3357 

♦*0*656 

0*042 

*0*481 

-0*151 

*0*605 

2*01093 

0*053436 

275*3036 

0*238711 

116*5000 

*0*864 

0*132 

**0*888 

-0*607 

*0*834 

-0*05578 

0*001593 

-27*0607 

0*023097 

19*8357 

-0*105 

0*004 

-0*183 

0*055 

0*37 


Significant at 5 per cent level 
Significant at 1 per cent level 
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Table VIII 

Fibre and spinning t est restiUs of P.-A. 4F. {mean values, 1932-36) 
! Mean for four seasons 1932-36 


Type of irrigation 

Amount 

of 

water 

received 

(in.) 

Fibre 

length 

(in.) 

Fibre 
weight 
per inch 

(10-0 oz.) 

Mature 
hairs 
(per cent) 

Standard 
hair weight 

(10-6 oz.) 

H.S.W. 

Counts 

I; . • 

II . • 

III . . • • . 

IV ' 

V . 

VI • 

VII' ' - ■ " • 

Grand mean . 

Critical difference for P = * 05 

26-52 

21- 30 
19-18 
35-50 
25-75 
28-68 

22- 68 

0-788 

0-778 

0-755 

0-812 

0-792 

0-795 

0-795 

0-152 

0-160 

0-148 

0-151 

0-150 

0-143 

0*146 

46-0 

43*8 

45- 0 

50-5 

46- 5 

46-0 

43-2 

0-1765 

0-1783 

0-1755 

0-1725 

0-1745 

0-1670 

0-1733 

26-0 

25- 0 

24-8' 

27-4 

27-1 

27*2 

26- 2 

25-66 

0-788 

0-149 

i 46-9 

0*1739 

26-2 


±0-021 

±0-015 

1 ±5-93 

±0-0167 

±2-1 


in the last two rows of Table VII that, excjt m 

the case of mean length, *\®7^™H®^„nificance 
significant even for 5 per cent level of significance 

for the other characters. This being 

follows that the ’variation produced by difte 

amounts of irrigation _ in fibre 
maturitv, standard hair weight or the spmmng 
performance of this cotton was quite ^ 

a result of further analysis we observe any 
positive correlation between the amount of irri" 
ISton and any of these P^opertie^ J 

Ingle season or for the mean of four seasons, it 
should be taken to indicate only a trend whmh 
Lav be due to the operation of the variable 
irrbation factor or may be due to random causes. 

We shall now consider each property separately. 

Mean fibre length. It wiU be so^fi 
Table VII that only in one season, namely 19d5-db, 
the correlation between the f'lfi?™^^ 
the mean fibre length was significant being non- 
significant, though positive in tile seasops^ 

However, the correlation coefficient for Sill th 
seasons between the total amount of water applied 
Td the mean fibre length of the cotton is positive 
and significant, showmg that, m general, the 
application of more water during the ^owth period 
is likely to improve, to a very smaU extent, the 
mean fibre length of this cotton. This result is 
borne out by the mean values given in iabie \ Ui, 
which show that the highest value is ayociated 
with the largest amount of water received by the 
crop, while it tends to decrease as less and less 
water is applied to it. This is especiaUy the case 
for tTOes I-IV. Apart from, type IV, which 
entailing a large quantity of water, .fiiay 
always prove a practical proposition, it will be 


noticed that t 3 q)e I gave, on the whole, signifi- 
cantly better results than type III, showing 
that irrigation after every three weeks might be 
conducive to the development of slightly longer 
fibres as compared with irrigtion after every 
five weeks. The difference between types II and 
TIT shows that from the point of view of staple 
length irrigation after every four weeks might be 
bettter than irrigation after every five weeks. 

(c) Fibre weight per inch. The values of the 
correlation coefficients between the amount of 
water applied and the fibre weight per inch show 
that neither in any individual season nor for aU the 
seasons taken together the amount of water had 
any significant effect upon the fibre weight per 
inch of this cotton. We may thus conclude that 
so far as the cultivation of this cotton under 
the conditions prevailing at Lyallpur is concerned 
the amount of water applied to the crop, within 
the limits of this experiment, did not produce any 
significant effect upon its fibre weight per inch. 

(d) Fibre maturity. The correlation coefficient 
between the amount of water received by the 
crop and the percentage of mature hairs is positive 
in all the seasons, but only in one season, namely 
1934-35, it is significant. If we take the results 
for all the seasons together, we find that the 
correlation coefficient between the percentage of 
mature hairs and the amount of water applied to 
the crop is positive and significant, showing that, 
in general, a tendency exists for this cotton to 
develop a higher percentage of mature fibres if 
more irrigation is given to the crop. This is also 
shown by the mean values given in Table VIII. 
It will be noticed that type IV, which represented 
the highest amount of irrigation, gave the largest 
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perceiita,,eje of mature hairs, while among the other 
types, this percentage showed a tendency to 
decrease as less water was gi^mn to the *crop. 
The differenc,e between types IV and II is signi- 
ficant,. while the other differences are iion-signi- 
ficant. It will be further noticed that the zemindari ■ 
types did not show any significant differences 
either among themselyes or from the other types 
except type VII which gave significantly lower 
percentage of mature hairs as compared with 
type IV. . 

(e) Standard hair tmighf. Since the values of 
the fibre iveight per inch and the percentages of 
mature, half-mature and immature fibres were 
available, the standard hair weight was calculated 
according to the following formula given by 
Peirce and Lord [1934], and statistical analysis 
was applied to it. 

standard hair waight = ^ + o-7?g.M. + 0-45 / 

Where : 

W = fibre weight per inch 

M == mature hairs (per cent) 

H. M, ~ half mature hairs (per cent) 

I = immature hairs (per cent) 

The values of correlation coefficients given in 
Table VII show that with the exception of one 
season, namely 1932-33, the correlation coefficient 
between the amount of water applied and the 
standard hair weight is negative and non-signi- 
ficant. In 1932-33, however, this value is found 
to be positive and significant, which is rather 
unusual. On examining the individual values for 
this season, we notice an abnormally high value 
of fibre weight per inch for type IV, If this 
single value is omitted, the correlation coefficient 
ceases to be significant. It is therefore probable 
that this positive and significant correlation is due 
to this single value, although this point cannot be 
definitely decided on the basis of the present data. 
However, if we take the results for all the four 
seasons together, we find that, as in the case of 
fibre weight per inch, the correlation coefficient 
between the amount of water applied and the 
standard hair weight is non-significant, showing 
that the different irrigations tried in these experi- 
ments have no significant effect upon the standard 
hair weight of P.-A. 4P when grown under con- 
ditions normally prevailing at Lyallpur. 

if) Neps per yard. In view of the fact that 
neps are adjudged by the eye and that some of the 
small neps lying within the yarn may escape de- 
tection, a certain amount of subjective error is 
involved in the estimation of this yarn property. 
We have not, therefore, thought it necessary to 
ax^ply the analysis of variance to it ; but, it will be 
noticed that, on the whole, the number of heps 
per yard is slightly higher for types III and V 


than for the other types .and that a.moiig the 
latter the differences are quite small, 

(g) Highest $tmida>rd warp counts. It will he 
seen from Table VII that only in,, one season, 
namely ■ 1933-34, the correlation between highest 
standard warp counts and amount of water : was 
negative, while in the remaining three ,s.easons, 
it Vas positive. Furthermore, if we take the 
results for all the seasons together, the correlation 
coefficient is positive and significant, showing that, 
in general, a tendency exists for this cotton to 
give better performance if more water is applied 
to the crop. This result is also brought out 
h}^' the mean values given in Table VIII. It 
is interesting to note that two variations of the 
zemindari treatment compare quite favourably 
in respect of spinning performance with type IV, 
which represented the highest amount of irrigation, 
while the zemindari treatment compared quite 
favourably with type I in this respect. 

Discxrssioi^r 

The results of eight years’ watering experiment 
on Piinjab-American 4F at the Cotton Research 
Farm, Risalewala, where the quantity of water 
applied at each irrigation was accurately measured, 
have been described. Certain features of these 
experiments are contrary to what has already 
been found elsewhere and it will be interesting to 
try to find out the causes of such discrepancies. 

King [1922] has found in Arizona that heavily 
watered beds produced the majority of the 
flowers ' during the first 45 days of flowering ’ 
and that heavy irrigations were conducive to an 
earlier crop. Reverse was found to be the 
case at Lyallpur, as the heavily watered beds 
were later in maturity as compared to those 
where water was applied sparingly. King was 
experimenting with the Americo-Eygptian cotton 
Kma, whose habit of growth is different from 
the Punjab-American 4F. Moreover, the climatic 
conditions of Phoenix (Arizona) and Lyallpur 
are also vastly different as will be seen from 
Table IX. 

Although it is recognized that the mean 
monthly normal temperatures are not to be 
relied upon in plant physiology studies, yet 
Table IX gives a bird’s eye view of the differences 
in the climatic conditions of the two places. The 
weather at Lyallpur is much more severe during 
the growth and flowering season of cotton than 
the weather at Phoenix and the heavier and more 
frequent irrigations are helpful in keeping the 
plants in normal healthy condition at the former 
place. Shortage of water during this stage is 
likely to be far more disastrous at Lyallpui 
than at Phoenix. In Lyallpur the super-imposed 
condition of non-dehiscence of anthers [Trought, 
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Table IX. , 


Mean fnoniJily normal temperainres 



Phoenix, 

Arizona 

Lyallpur 

Giza, 

Egypt 

January 

51 • 2 

53-3 

51-6 

February 

55*1 

57*6 

54* 1 

March . 

60-7 

68*8 

59-4 

Apri! 

67-0 

78*7 

66-2 

May ' . 

75-0 

87*9 

72-7 

J \ me 

84-5 

93*9 

77*7 

July . . 

S9-8 

92*1 

79-9 

August , 

88*5 

89*0 

79-4 

September 

82*7 

85*9 

75*0 

October . 

70*6 

77*3 ! 

70*9 

November 

59*7 

64*9 

63 *1 

December 

52*0 

55*6 

54*9 

Annual 

69*7 

76*4 

67*1 


1928] has also to be taken into account. Due to 
lack of pollination most of the flowers produced on 
all Punjab-Ameriean cottons till about the end 
of August each year are shed. Thus the eiGPective 
flowering begins from the month of September. 
This condition does not exist in Phoenix where the 
early -formed flowers are most ejflective. More- 
overj at Phoenix, most of the early-formed flowers, 
especially in beds receiving copious irrigations 
ere shedding of bolls due to shortage of water 
is very slight, are matured into bolls with the 
result that the "arrival’ of the crop in such 
beds is earlier than in beds receiving less water. 

Another instance is providedlby ridged beds. 
As has already been said above, sowing on ridges 
is the universal method in Egypt, but this method 
has not proved useful at Lyallpur, The reason 
for this is not far to seek. The Egyptian soil is 
much heavier than the Lyallpur soil and germina- 
tion is likely to be very defective on heavy soil 
without the aid of ridging. Mid-March is the 
optimum time of sowing near about Cairo. In 
upper Egypt sowings are now generally done in 
February. Sowing on the north side of ridges is 
universally practised. In Lyallpur, on the 
other hand, the sowings are usully done from 15 
May to 15 June when the weather is very hot 
(Table IX) and ridged soil dries up within a few 
days. It is our experience that when sown on 
ridges the first three waterings should be given 
within the first month after sowing. If this is not 
done the " stand ’ of the crop remains very poor 
and the yield proportionately reduced. Such 
huge quantities of water are not available in the 
Punjab and, therefore, sowing on ridges is not 
profitable. The Lyallpur soil is loamy and very 
friable and flat sowing usually results in excellent 
germination . In Egypt, cotton usually receives 
eight to eleven irrigations [Crowther, Tomforde 
and Mahmoud, 1937] as against five or six in 
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Lyallpur, Frequent irrigations are absolutely 
necessary in the case of ridge sowing as will also 
be clear from Table IV. The average yield of 
ridged beds was 952, 829 and 760 lb. per acre in 
types I, II and III, respectively. _ Thus, by 
lengthening the interval between irrigation the | 
effect on the yield was disastrous. The Punjab 
farmers cannot afford to apply frequent irriga- 
tions to their cotton crop and hence ridging is not 
a method which can be recommended to them. 

Balls and Holton [1915] have mentioned an in- 
teresting case wherein it is emphasized that large 
quantities of water should be applied at each 
irrigation to ridged plots in order to obtain the 
maximum yield. They have mentioned that 
instead of ‘ running water into groups of ten ridges 
at a time in the usual way and the closing them off 
to proceed to the next set of ten, we opened up 50 
ridges at once, and turned the same flow of water 
into them. In this way a mneh greater quantity 
of water is given since the soil has time to absorb 
more of water In view of the general prevailing 
conditions in the Punjab, sowing on ridges may 
therefore be ruled out as an alternative to flat 
sowing. 

We may now compare the results of technologi- 
cal tests with those found by earlier workers with 
other varieties of cotton. The earlier observations 
on the effects of irrigation on the fibre properties ^ 
and the spinning performance of cotton are com- 
paratively few. Mayton and others [1931] found, 
with reference to cottons grown in the Mississippi 
delta, that length of lint and size of boll were 
influenced by soil moisture, short lint being asso- 
ciated with low moisture content in the soil from 
1 to 15 days after the appearance of the flowers. 

This observation agrees in general with our result 
that the lint length is positively correlated with 
the amount of irrigation applied to the crop. 
Sturkie [1934] made a detailed study of the 
influence of soil type, climatic conditions and € 
soil moisture on the development of lint and seed 
in cotton. He found that, out of these factors, 
the amount of available moisture in the soil was 
the only one which influenced the development of 
lint in cotton. From Ms observations he con- 
cluded that low moisture content caused short 
lint to be formed, and that it was possible to 
reduce the length of lint by at least 1/8 in. 
by reducing the soil moisture to a critical point. 

This result also agrees, it will be noticed, with 
our observations on P.-A. 4F. This problem 
was attacked from a different angle by Koshal 
and Ahmad [1937]. They utilized the extensive , 
data available for the standard Indian cottons 
and, applying to it Fisher’s [1934] method of 
fitting the polynomials, evaluated the effect of 
rainfall sequence upon lint quality. They found 
that rainfall is an important weather-element, 
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wRich may .account for *| to | of the total Taria- 
tion in quality of cotton, t,!iat in the maturation 
period it is generally beiieficiai, while in the 
growing period it may be beneficial in the ^ case of 
some; cottons and harmful for others, ^ and that 
even for the former cottons it is beneficial only in 
the first half of the growing period. These con- 
clusions agree in a general way with the results 
of the present investigation ; but it is not possible 
to push the comparison further, partly because the 
statistical analysis was not applied to the Punjab 
cottons owing to the paucity of relevant data and 
partly because, in the present investigation, we 
are considering the effect of additional irrigation, 
which is not exactly equivalent to additional 
rainfall. The effect of differential irrigation on the 
field behaviour and quality of Cambodia Co 2 
cotton has been studied by one of us in collabora- 
tion with Ramanatha Ayyar and Thirumalachari 
[1940]. Statistical analysis was not applied to 
the fibre-test results but it was noted that while 
the mode of irrigation did not affect the mean 
fibre length of this cotton, it influenced the fibre 
weight per inch, which showed a tendency to in- 
crease with the amount of water applied to the 
crop. The strength of the yarns was ^ slightly 
less for the irrigated than for the unirrigated 
samples, and these small differences were attri- 
buted to the increase in fibre-weight per inch 
with irrigation. It will be noticed that the 
results for Cambodia Co 2 are in some respects 
different from those obtained for P.-A. 4F, which 
was found to improve slightly in length and 
spinning performance with the amount of irriga- 
tion. This differential behaviour is no doubt 
connected with the type and texture of the soils 
in the two areas and with the climatic conditions 
prevailing at the two places in the growing and 
maturation periods. It indicates the desirability 
of exercising caution in making general statements 
regarding the response of cottons to agronomical 
factors and the necessity of carrying out well- 
designed experiments in areas differing in respect 
of soil and climate. 

Summary 

The results of irrigation experiment on Punjab- 
American 4P involving seven different types of 
irrigation have been discussed. Flowers and bolls 
produced per plant were not correlated with the 
quantity of water given to the crop ; but,^ in 
general, the yield was correlated with watering. 
Ridging versus flat sowing gave indifferent 
results. 

Application of more water during the growing 
period is likely to improve, to a small extent, the 
mean fibre length of P.~A. 4F. The amount of 
irrigation applied to the crop did not produce 
any significant effect either on the mean fibre 
weight per inch or the standard hair weight of 
this cotton- 'The percentage of mature hairs in 


* 

P.-A. 4F showed a tendency to increase with the 
amount of water applied to the crop. 

The spinning performance of this cotton, sliowud 
a small tendency to improve as more, water was 
•given to the crop. It •.is noteworthy, in this 
connection that the zemindar! system of irrigation 
a.nd its two variants compared favourabi,y in 
respect of spinning performance of the lint with 
the type which represented the highest amount of 
irrigation, 
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% a previous communication, Singh and Nijhawan 
[l936] published the results of a preliminary inves- 
tigation on the effect of different cations op. 
the physico-chemical properties of the soil on the 
one hand, and their relationship to plant growth 
on the other. The study was primarily of a 
qualitative nature, and the influence of single 
bases saturating the soil’s exchange complex was 
determined on wheat crop. The investigation 
though of fundamental importance did not fur- 
nish suiScient data which might solve the problem 
from the practical point of view, the reason 
being that these clays prepared in the laboratory 
did not represent true condition of soil in the field. 
For instance, a soil may contain calcium or sodium 
as a predominating exchangeable base, but it is not 
likely to meet under field conditions such extreme 
cases of soil which may behave in the same manner 
as calcium or sodium saturated soils prepared arti- 
ficially. The same applies to soils saturated with 
other cations. Therefore, the present investiga- 
tion was undertaken with a view to throw further 
light on this problem, and to study the effect 
of varying amounts of exchangeable bases undef 
different conditions so as to bring into the scope of 
this investigation such types of soil as might occur 
under field conditions with respect to various 
cations. 

The importance of exchangeable bases in the soil 
fertility has been fully realized, and a large amount 
of research work has been carried out during the 
past quarter of a century on the nature and pro- 
perties which these bases confer on the soil’s 
exchange complex by virtue of their presence in it, 
but little work of any importance has been done 
on the effect of these bases on plant growth. This 
is mainly due to the fact, that the preparation 
on a bulk scale of these clays containing varying 
amounts of exchangeable bases is not only an ex- 
pensive but extremely laborious and tedious opera- 
tic n. The uptake of mineral salts by plants has 
been studied in great detail in water- culture solu- 
tions, but the conditions in soil, owing to its colloi- 
dal nature are entirely different, and the amount 
of salts that are rendered available to the plant 
under these conditions vary considerably. There- 
fore, it is of utmost importance to determine the 


amount of plant food material removed by the 
crop from soils containing varying amounts of 
exchangeable bases. 

ExPERIMENTAIi 

Soil from the first foot stratum of an average 
field on the Lyallpur Agricultural Farm was ob- 
tained for the purpose of this investigation. The 
bulk sample, after being dried in the air, was 
powdered and sieved through a 2 -mm. sieve. On 
analyses it gave the following results (Tables I- — 
IV): 

Table I 

Mechanical analysis {per cent on air-dried soil) 


Clay Silt 

Fine 

Sand 

Gravel 

Total 

0-0-002 0-002- i 

sand 

()• 2-2-0 

above 

carbo- 

mm. 0-02 

0*02-0-2 

mm. 

2 mm. 

nates 

mm. 

mm. 



(CaCoj) 

17-03 21-44 

1 

43-57 

15*87 

0-09 

1-51 


Table II 

Analysis of HGl extract {per cent on air-dried 
soil) 


Insoluble 

residue 

82-56 

1 

Soluble i 
silica 

0-11 

Iron 

(PejOa) 

5-00 

Aluminium 

(AIM 

4-36 

Sodium 

(XaaO) 

0-21 

Potassium 

(KaO) 

' 

Calcium 

CCaO) 

Magnesium 

(MgO) 

Phosphorus 

(PM 

1-71 

1-i 

30 I 

1 -25 

0-14 


Potassium 

Phosphorus 

Organic 

Total 

(h:,o) 

(P 2^s) 

matter 

Nitrogen (N) 

0-048 

0-063 

0-360 

0*0308 


Table III 

Analysis of citric acid extract^ organic matter and 
total nitrogen {per cent on air -dried soil) 


IV] 
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Table IV 


Exchangeable bases {milU-equivalents per cent) 


Sodium 

Na 

Potassium 

K 

i 

Oaiciupi 

Ca 

Hague- ; 
siUm 

Mg 

Base 

1 exchange 
' capacity 

0-62 

0*64 

4*52 

0*86 

6-66 


From the bulk sample, soils saturated with 
various cations -were prepared by exhaustively 
leaching the soil with neutral chloride solutions of 
the respective cations [Singh and NTiJhawan, 
1936]. Sodium, potassium, calcium and magne- 
sium soils thus obtained were thoroughly mixed 
with the original soil in the proportions given in 
Table V, so as to obtain soils containing varying 
amounts of exchangeable bases. 

Table V 

Plan of experiment 


Soil series 

Pot Nos, 

A — Sodium group 


L 100 per cent sodium clay 

1-4 

2. 75 per cent Na clay and 25 per cent soil . 

5—8 

3. 50 per cent Na clay and 50 per cent soil . 

9—12 

4, 25 per cent Na clay and 75 per cent soil . 

13—16 

B — Potassium group 


5. 100 per cent potassixim clay . 

17—20 

6, 75 per cent K clay and 25 per cent soil . 

21—24 

7. 50 per cent K clay and 50 per cent soil . 

25—28 

8. 25 per cent K clay and 75 per cent soil . 

29—32 

0 — 'Galcium group 


9. 100 per cent calcium clay 

33—36 

10. 75 per cent Ca clay and 25 per cent soil . 

37—40 

11. 50 per cent Ca clay and 50 per cent soil . 

41—44 

12. 25 per cent Ca clay and 75 per cent soil . 

45—48 

D----”Magn&sium group 


13. 100 per cent magnesium clay 

49—52 

14, 75 per cent Mg clay and 25 per cent soiF 

53—56 

15. 50 per cent Mg clay and 50 per cent soil 

57—60 

IG. 25 per cent Mg clay and 75 per cent soil 

61—64 

17. Original soil 

, 66—68 


350 gm. of the mixed soils thus prepared were 
filled according to the above plan in pots ea.eli 
measuring 11 cm. in diameter and. 9 cm. in 
height,- and fitted with a glass tubular near the 
bottom for aeration. In all. 68 ]}ots v'ere prepared 
in this manner, which gave four repeats of each 
treatme,nt. In o,rder to guard against any defi- 
ciencies in the essential plant food materials, a 
mixture of potassium nitrate, aminoriiiim nitrate 
and single superphosphate, containing 0*1315 gin,, 
of nitrogen, 0*1315 gm. of potash and 0*0658 gm. 
of phosphoric acid was applied to each pot. 

The pots were placed in a wire-gauze cage, and 
w^ere given identical cultural treatments. After 
sowing with wheat they were sprayed with water 
from time to time in order to maintain the requi- 
site amount of moisture in them. It was observed 
that only a small amount of w'ater was absorbed 
by soils treated with sodium and potassium salts, 
and the bulk of it evaporated from the surface. 
To safeguard against desiccation, an additional 
quantity of water was added from time to time. 

Analysis of the soils 

Exchangeable bases and pH values were deter- 
mined in soils prepared for the pot experiments, 
and the results are depicted in Table VI. Ex- 
changeable bases have been shown both as milli- 
equivalents per 100 gm. of the soil and as per- 
centages of the total bases. A reference to this 
table shows that there is a regular gradation in the 
content of exchangeable bases placed under 
different groupings. When we consider the ex- 
changeable base content of saturated soils only, 
we find that the displacement of bases does not 
take place completely, and it varies with the nature 
of the cations. The maximum displacement occurs 
in the ease of calcium (98*04), and this is followed 
by sodium (94*14), magnesium (88*24) and potas- 
sium (86*09). 

The pH values of these soils (Table VI) clearly 
indicate that the nature and the amount of cations 
in the exchange complex greatly affect the reaction 
of the soil. The soils containing monovalent 
cations have higher pH values than those having 
divalent cations. Further, the sodium group has 
a higher pH value than the potassium group in the 
monovalent series, and the magnesium group has 
higher value than the calcium group in the divalent 
series. 

Differences in the pH values due to variation in 
the amount of exchangeable bases are depicted in 
Table VII. 

It will be observed that a change in the amount 
of exchangeable sodium brings about a great varia- 
tion in the pH values, as compared with a corres- 
ponding change in other groups. The variation 
is somewhat less in case of potassium, still less in 
magnesium and hardly any in calcium treated soils, 
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Table VI 


A — Sodium gfoup 

1. 100 per cent sodium, clay 

2. 75 per 

3. 50 per cent Na clay and 50 per cent soil 

4. 25 per cent Na clay and 75 per cent soil 

j5 — Potassium group 

5. 100 per cent potassium clay 

6. 75 per cent K clay and 25 per cent soil 

7. 50 per cent K clay and 50 per cent soil 

8. 25 per cent K clay and 75 per. cent soil 

Calcium group 
9 , 100 per cent calcium clay 

10. 75 per cent Oa clay and 25 per cent soil 

11. 50 per cent Ca clay and 50 per cent soil 

12. 25 per cent Ca clay and 75 per cent soil 

p^Magnesium group 

13. 100 per cent magnesium clay . • 

14. 75 per cent Mg clay and 25 per cent soil 

15. 60 per cent Mg clay and 50 per cent soil 

16. 25 per cent Mg clay and 75 per cent soil 

17 . 100 per cent original soil 


Table VII 

Differences in the pH values due to variation in the Analysis 
/^'T.r.hanaaable bases 


Exchangeable bases w. eg, per 100 gm. of soil 

Relative proportion of bases in 
m. eg. expressed as percentage oi 
total bases 

Sodium 

Na 

Potas- 
sium K 

Calcium 

Ca 

Magne- 

sium.Mg 

Sodium 
Total Ha 

Potas- 
sium K 

Calcium 

Oa 

Magne- 
sium. Mg 

6-200 


0-310 

0-075 

i 

1 

6-585 1 

94-14 


4-71 

0-14 

4-866 

0-161 

1-420 

0-267 

6-714 

72-47 

2-40 

21-15 

3-98 

3-520 

0-330 

2-420 

0-478 

6-748 

52-24 

4-90 

35-92 

7-09 

2-007 

0-502 

3-480 

0*681 

6-- 670 

30*09 

7-53 

52-17 

10-19 

0-170 

5*616 

0-620 

0-117 

6-523 

2-60 

86-09 

9-50 

1-79 

0-272 

4-397 

1-520 

0-321 

6-510 

4-17 

67-56 

23-35 

4-93 

0-387 

3-010 

2-460 

0-499 

6-356 

6*09 

47-35 

38-69 

7-84 

0-492 

1-860 

3-340 

0-686 

6-378 

7-71 

29*17 

52*37 

10-75 


0-039 

6-550 

0-092 

6*681 


0-58 

98*04 

1-37 

0-153 

0-199 

6-000 

0-285 

6-637 

2-30 

3-00 

90-38 

4-29 

0-301 

0-345 

5-500 

0-470 

6-616 

4-56 

5-21 

83*10 

7-10 

0-459 

0-416 

5-020 

0-669 

6-564 

6-99 

6-33 

76-48 

10-19 

0-053 

0*089 

0-640 

5-875 

6-657 

0*80 

1-33 

,9-61 

88-24 

0-196 

0-263 

1-520 

4-603 

6-582 

2-98 

4-00 

23-09 

69-94 

0-343 

0-413 

2-400 

3-341 

6-497 

5-27 

6-36 

36-94 

51-42 

0-482 

0-519 

3-420 

2-104 

6-525 

7*38 

7-96 

52-42 

32-24 

0-622 

0-642 

4-520 

0-861 

6-645 

9-36 

Ta] 

9-67 

3LE VI 

68-03 

II 

12-95 


9-49 ■"'i 

8-92 


of citvic acid extfact of soils satuvated with 
different cations 


pH. range 


Differences amongst 
00 per cent and 75 per cc 

'5^ per cent and 50 per ct 

,0*?sf*oeiit and 25 per c( 
treated _ , , 


, 4, V' Jf.v* — - 

soil „ 

Average pH difference 


Sodium 

group 

7*43- 

9-99 

Potas- 

sium 

group 

7-43- 

9-49 

Calcium 

group 

7-43- 

7-44 

0-31 

0-57 

—0-01 

0-54 

0-57 

0-01. 

1-17 

0-53 

0-00 

0-64 

0-39 

0-00 

0-64 

0-52 

0-00 



Potas- 

Phos- 


sirnn 

phorus 


(K,0) 

(P^O,) 

Sodiiim-saturated soil 

0-028 

0‘062 

Potassium-saturated soil . 

0*314 

0 - 060 

Calcium-saturated soil 

0-027 

0*068 

Magnesium-saturated soil . 
Original soil . . * • 

0-034 

0-048 

0-067 

0-063 


^navys^o fjj 

The analysis of the citric acid extract of the 
saturated s^s (Table VIII) shows that the avail- 
able potash is greatly reduced m the calcium and 
sodium saturated soils as compared with the on- 


ginal soil. 


These data lead to the following two conclusions: 
(a) That a large proportion of the citric-soluble 
potassium is formed by the exchangeable potas- 
sium ions that surround the clay particles ; (6) The 
amount of available potash of the soils saturated 
with different cations is in the same order as their 
absorption capacities, vj?. Ca>Na>Mg. 
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A reference to the data of available -phosphoric 
acid shows that its amoiint is reduced in the case of 
calcium- saturated soil, wbile in the case of soils 
saturated with,. other cations it is almost equal to 
that present in the. original soil. 

Physiological chaeacteeistics of wheat ceof 

Wheat grains (8A) treated with hot water against 
loose smut were employed. Seeds of uniform size, 
weight and shape of kernal were selected, and 
soaked in distilled water for about 16 hours at 
room temperature. Five of these grains were sown 
in each pot in the first week of December at a uni- 
form depth of one inch. 

Germination 

Germination started on the sixth day after sow- 
ing, and all the seeds germinated by the eighth 
day except in the case of 75 per cent sodium, 100 
per cent and 75 per cent potassium pots where the 
number of days required for complete germination 
was nine. In 100 per cent sodium clay, however. 

Table IX 


germination started on the se\"^enth day, and w’as 
co.mplete by the eleventh day after sowing. Cent 
per cent germination was recorded in all the pots, 
but the adverse effect of sodium clay was notice- 
able by its retarding influence on germination. 

Growth 

A fortnight after sowing, only three , plants of 
more or less uniform size, were retained in^eaeh pot. 
Tillering was observed, in the first week of January. 
The plants were healthy and strong in ail the pots. 
They commenced to head out in the beginning of 
March and continued to flourish up to the time of 
harvesting, and yielded healthy and well-developed 
grains except in the sodium soils. In sodiiiin-satu- 
rated soil, however, no seed formation occurred, 
and the crop was very poor. A somewhat similar 
conclusion was arrived at by Ratner [1935] who 
studied the effect of varying amounts of exchange- 
able sodium on plant growth. 

Observations on the growth, height, and number 
of tillers per pot under different series were made, 
and the results are summarized in Table IX. 


Gro wth and yields of wheat crop 







Growth of wheat crop 

Yield of wheat crop (gm.) 






' 

Average 
height of 
plants 
(ia.) 

Average 
Xo. of 
tillers 
per pot 

Total 

yields 

Straw 

Grain 

A — Sodium group 

1. 100 per cent sodium clay 





6*68 

7*75 

3*90 

3*90 


2. 75 per cent Xa clay and 25 per cent soil 

. - 




7-84 

13*50 

5*80 

5*00 

0*80 

3. 50 per cent Xa clay and 50 per cent soil 

• 




9-00 

12*75 

6*80 

5*38 

1*42 

4. 25 per cent Xa clay and 75 per cent soil 

• 




8-88 

26*25 

7*22 

6*57 

1*65 

B — Potmsium group 










6. 100 per cent potassium Olay 

• 




8-46 

15*25 

6*20 

5*10 

1*10 

6. 75 per cent K clay and 25 per cent soil . 

• 




9*&9 

22*75 

6*90 

5*65 

1-25 

7. 50 per cent K clay and 50 per cent soil . 

• 




9*79 

27*25 

7*25 

5*80 

1-45 

8. 25 per cent K clay and 75 per cent soil . 

• 




9-20' 

26*75 

7*55 

6*30 

l.*J^5, 

C — Calcium group 










9, lOO per cent calcium clay . 

- 




18*84 

39*50 

12*50 

I 10*10 

2*40 

10. 75 per cent Ca clay and 25 per cent soil . 

• 



. i 

14*96 

I 36*00 

10*62 

8*25 

2*37 

11. 50 per cent Ca clay and 50 per cent soil . 

* 




12*96 

33*00 

8*80 

6*70 , 

2*10 

12. 25 per cent Ca clay and 75 per cent soil 

• 




10*29 

i 25*75 

7*80 

5*90' ,' 

1*90 

B— ‘Magnesium group 










13. 100 per cent magnesium clay 

• 




12*04 

26*00 

8*17 

' 6*97'v: 

1*20 

14. 75 per cent Hg clay and 25 per cent soil 




• 1 

11*92 

28*25 

7*80 

6*75 

1*05 

15. 50 per cent Mg clay and 50 per cent soil 

• 




11*17 

30*00 

7*10 

6*00 

1*10 

16. 25 l>er cent Mg clay and 75 per cent soil 

• 




11*29 

27*00 

6*54 

, 5*44, ' 

1*10 

17. 100 per cent original soil . . ♦ 





10*96 

29*26 

7*70 : 

5*90 

1*80 


Standard error 


±0*285 

±1*898 j 

±0*161 

^ :±0;.142 

±0*064 
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Statistical examination of the data (Table 2Q 
shows that calcium and magnesium soils m mgn 
concentrations produced a very beneficial effect on 
heights, which in the former case was greater than 
in the latter. Lower concentrations (25 per cent 
calcium and 25 per cent magnesium), however, 
did not give any better results than the control, 
and the response to both these doses was not signi- 
ficant. Sodium and potassium, on the other hand, 
produced a harmful effect, and although m higher 
doses both were equally injurious to plant growth, 
in smaller doses the effect of sodium was more 
marked than that of potassium. As regards tiller- 
ing all the calcium-treated pots except 25 
calcium gave significant results, but none of the 
treatments in magnesium series proved to be 
effective. 25 per cent sodium, 25 per cent and 50 
per cent potassium-treated pots behaved in the 
same manner as lower doses of magnesium, but 
75 per cent sodium and 100 per cent potassmm 
proved definitely injurious— 100 per cent sodium 

produced the most deleterious effect. 

The relative growth of wheat crop mn different 
soils can also be observed from Plate XV. 


Yields . _ . . “au 

The crop was harvested, a,nd dried m the air. not e 

The grain and straw were weighed se^rately. A due 
summary of the yield data is given in Table IX. extra 
The statistical analyses of the total yields of offiei. 
wheat crop, the yields of grain and straw obtained sodiu 
from different soils have given the following results phon 

in higher doses significantly increased mate 
the yield of both total dry matter and the straw, TabL 

Table X 


while in lower doses (50 per cent and 25 per cent) 
and all doses of magnesium the differences were 
not significant. Taking the yield of gram sepa- 
rately, it was found that higher doses of calcium 
significantly promoted grain formation, while 
lower doses were without any effect. Magnesium, 
on the other hand, definitely and significantly 
reduced the yield of grain in all doses except 100 
per cent magnesium where the results were not 
sio-nificant. Sodium and potassium bases m ail 
doses unfavourably affected the yields of grain and 
straw. No significant differences were observed 
amongst sodium and potassium treated pots except 
that 25 per cent sodium yielded more of grain than 
75 per cent sodium. 100 per cent sodium gave the 
minimum crop yield, but it was not significantly 
inferior to higher doses of potassium and the re- 
maining doses of sodium in the case of yield of 
straw. 

Analysis of cbop and discussion of results 

Analysis of plant material 

The plant material from different soils alter 
cleaning was dried in the sun and this was foll^owed 
by drying in an electric oven (100-105 C.) for 24 
hours. It was then incinerated over low flame and 
finally ignited in an electric muffle at a temperature 
not exceeding dull redness (550*^0.) until the resi- 
due. was almost white. The hydrochloric acid 
extract of the ash was prepared according to the 
official method of the A. 0. A. C. and analyzed for 
sodium, potassium, calcium, magnesium and phos- 
phoric acid. -i • A 

The data of crop yields in terms of oven-dried 
material with its mineral composition are given in 
Table XI. 


Analyses of variance of growth and yield data 


Source of variance 


Ratio of 
variance 


Ratio of 
variance 


Heights of plants 


No. of tillers per pot 


Between treatments . 
Within treatments . 


Between treatments 
Within treatments 


3990 ‘030 


4725-530 


Total yields 


Yield of wheat straw 


14*340 } 0-8963 


li i 


Between treatments 
Within treatments 


Yield of wheat grain 


The Hgh values for the ratios of vaitaces show ttet the effects of treatments iu all oases are highly significant 


GROWTH OF WHEAT CROP AS INFLUENCED BY VARIATIONS IN THE CONTENT OF EXCHANGEABLE BASES 



100% Clay 75% Clay & 25% Soil 50% Clay & 5i 
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Ash content of plants 

It will be 'observed that the percentage ash 
content of plants grown on different soils varies 



Eiq. 1, Exchangeable bases and ash content of wheat 
crop 


considerably with the nature of cations (Fig. 1). 
The percentage of mineral matter removed by 
crops grown on soils containing divalent bases is 
less than that removed froiri the monovalent bases. 
Amongst the divalent bases the absorption from 
calcium soils is much less than that from the mag- 
nesium soils, while in the case of monovalent bases 
there is hardly any difference in absorption from 
sodium and potassium soils. 

In the case of sodium, potassium and magnesium 
soils the percentage of mineral matter increases 
with the increasing amounts of their respective 
cations in the exchange complex, but reverse is the 
case mth calcium soils, where percentage of mineral 
matter is least in calcium-saturated soil. In the 
case of saturated soils the order of mineral matter 
removed is K>Na>Mg>Ca. 

When, how^ever, the total quantity of mineral 
matter removed by the crop is taken into considera- 
tion, the order is changed, because the presence of 
the different bases not only affects the percentage 
composition of the crop, but the total dry matter 
is also affected to a much greater extent, with the 
result that the total mineral matter removed is 
maximum in that soil which gives the highest yield, 
and therefore the order is naturally in accordance 
with the yields of crops, i.e. Ca>Mg>K>Na. 


Table XI 


Yield and mineral composition of wheat crop 




Average 

oven-dried 

1 Mineral composition (per cent on oven-dried material) 

Soil series 


weight 
per pot 
(gm.) 

Ash 

Insoluble 

residue 

Sodium 

Xa,0 

Potassium 

KsO 

Calcium 

CaO 

Magne- 
sium MgO 

Phospho- 

rus 

A — Sodium group 

1. 100 per cent sodium clay 


0*85 

15*300 

4*841 

2*200 

5*630 

0*388 

0*347 

0*475 

2. 75 per cent Xa clay and 25 per cent soil 


1-37 

12*622 

3*613 

1*635 

4*787 

0*421 

0*361 

0*469 

3. 60 per cent Xa clay and 60 per cent soil 


1*58 

11*222 

3*075 

1*295 

3*013 

0*445 

0*384 

0*436 

4. 25 per cent Xa clay and 76 per cent soil 


1-70 

10*432 

3*409 

0*811 

2*596 

0*454 

0*399 

0*410 

B — Potassium group 

5. 100 per cent potassium clay . 


1*38 

14*699 

3*432 

0(*241 

6*658 

0*296 

0*293 

0*566 

6. 75 per cent K clay and 25 per cent soil 


1*62 

12*718 

3*673 

0*268 

6*271 

0*389 

0*331 

0*528 

7. 50 per cent K clay and 50 per cent soil 


1*72 

11*792 

3*515 

0*349 

5*470 

0*443 

0*381 

0*516 

8. 25 per cent K clay and 75 per cent soil 


1*73 

12*677 

4*349 

0*324 

4*163 

0*532 

0*359 

0*617 

C — Calcium group 

9. 100 per cent calcium clay 


2*76 

9*336 

2*658 

0*350 

1*969 

1*840 

' 0*377 . 

• 0*291 . .' 

10. 75 per cent Ca clay and 25 per cent soil 


2-57 

9*047 

2*090 

0*368 

1*942 

^ 1*467 

0*355 

0*333 

11. 50 per cent Ca clay and 50 per cent soil 


2*09 

9*441 

2*569 

0*471 

2*794 

1*060 

. 0*400', 

0*309 

12. 25 per cent Ca clay and 75 per cent soil 


1*84 

10*649 

3*007 

0*484 

2*995 

0*984 

, 0*416 

0*377 

B^Magnesium group 

13. 100 per cent magnesium clay . 


1*57 

13*420 

4*357 

0*840 

4*593 

0*464 

1*095 

0*827 

14. 75 per cent Mg clay and 25 per cent soil 


1*84 

12*365 

4*116 

0*753 

4*638 

0*624 

.0*984. 

0*808 

15. 50 per cent Mg clay and 60 per cent soil 


1*63 

12*408 

4*494 

0*619 

4*162 

0*653 

0-79S 

0*789 

16. 25 per cent Mg clay and 75 per cent soil 


1*56 

12*483 

4*656 

0*536 

3*736 

0*710 

,'.0*742. ,. 

0*779 

17, 100 per cent original soil 

. 

1-60 

I.1-631 

4*100 

0*203 

2*616 

0-771.; : 

;'0-654' 

0*397 
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Availability of exchangeable bases to plant 

From a study of the analytical data (Table XI) 
much information is gained regarding the influ- 
ence of different cations in the exchange complex 
on the absorption of individual bases. The general 
trend of absorption is represented graphically in 
Fig. 2. The following salient points may, how- 
ever, be noted : 

1. The plants removed the largest amount only 
of those bases which predominate in the soiFs ex- 
change complex. This is in accordance with the 


findings of other workers [Singh and Xijhawan 

1936]. 

2. The variation in sodium and potassium con- 
tents of crops removed from sodium and potas-. 
sium soils respectively due to a change in the degree 
of saturation is greater than the variation in cal- 
cium and magnesium contents of the crop removed 
from the respective soils. 

3. The dominant base in the exchange complex 
greatly affects the absorption of other bases by the 
plant. In sodium soils, an increase in the amounts 




FsRCBf^TAGS: OF SATURATED ClAY JN SO/l M/XTURES 




Fig. 2. Ihfluenc© of ©xchaageable bases on. the composition of wheat crop (sodium, potassium, calcium 

and magnesium) 
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of sodium increased the absorption , of potassium 
but decreased the absorption of divalent bases, 
while in the case of potassium soils an. increase of 
potassium ions not only suppressed the absorption 
of divalent bases, but of sodium as well. Thus, it 
will be observed that whereas sodium ions promote 
the uptake of potassium, reverse is the case with 
potassium ions. Calcium soils showed a behaviour 
similar to those of potassium soils, with the only 
difference that the absorption of magnesium is not 
suppressed to the same extent as in the case of soils 
containing monovalent bases. Magnesium soils, 
on the other hand, behaved in an entirely different 
manner from other bases, as they increased the 
absorption of monovalent bases hut suppressed the 
absorption of calcium. 

4. The order of absorption of different bases from 
soils containing different cations is variable, e.g. 
calcium is absorbed in the largest proportion from 
calcium soils, and in the diminishing order from 
magnesium, potassium and sodium soils. These 
relationships are summarized below : — 

Order of absorption from 
Mineral constituent soils treated with different 

bases 

CaO .... Ca>Mg>K>Na 

MgO .... Mg>Ca>Na>I5: 

NagO .... ISra>Mg>Ca>K 

KgO .... E:>N-a>Mg>Ca 

Availability of phosphorus 
From the data presented in Table XI and Fig. 3 
it will be observed that the nature of cations not 
only affects the absorption of different bases, but 
also produces a profound effect on the uptake of 
phosphoric acid. 


SODIUM GROUP 

PO rA SSWM GROUP 

VS. CAlClun GROUP 

magnesium group 


2^ SO 75 too 

rgRCeNrAGE of saturated QLAT in soil mixtures . 

Fig. 3. Effect of exchangeable bases on the availability 
of phosphoric acid to wheat crop 


The crop grown on magnesium soils contained 
the highest perce^ntage of phosphoric acid, which 
increased from 0*78 to 0*83 per cent with an in- 
crease in the exchangeable magnesium. The next 
highest amount of phosphoric acid wms removed 
from potassium soils, where the percentage varied 
from 0*52 to 0*56. The percentage of phosphoric 
acid removed from sodium soils wa.s much less than 
that from magnesium or potassium soils, and was 
least in the ease of calcium soils, the percentage 
varying from 0*29 to 0*38. In all cases with an 
increase in the exchangeable bases the amount, of ■ 
phosphoric acid removed h^y the crop increased, 
except in the case of calcium soils where an In- 
crease in the exchaiigeaMe calcium suppressed the 
absorption of phosphoric acid. Thus the order of 
absorption of phosphoric acid was Mg>K>Na> 
Ca. 


Gbnebal discussion 


The crop yields from all the sodium and potas- 
sium treated pots are much below the control. At 
75 per cent and 100 per cent levels they are found 
to be equally injurious to plant growth, but at 
lower levels (25 per cent and 50 per cent) potas- 
sium is not quite as harmful as sodium. Magne- 
sium soils have given slightly better results than 
the control, but the calcium soils produce a marked 
beneficial efiect on plant growth. The better 
growffh of plants, as depicted by height measure- 
ments, the average number of tillers per pot, and 
the yield data, is due to an increased absorption 
of calcium by the plants, which is directly propor- 
tional to the amount of exchangeable calcium 
present in the soil. The plants grown on sodium, 
potassium, and magnesium soils remove decreas- 
ing amounts of calcium with increasing amoiints of 
their respective cations, while reverse is the case 
when grown on calcium soils, i.e. the absorption 
of calcium is increased with an increase in the 
amount of exchangeable calcium. Thus, there 
exists a relationship between the exchangeable 
calcium of the soil and the plant growth, which 
increases significantly with an increase in the 
amount of exchangeable calcium [Gedroiz 1931]. 

The nature of cations absorbed by the soil also 
greatly affects the solubility of phosphorus. It 
is observed that the percentage of phosphoric acid 
increases in wheat crop to a maximum when grown 
in soils saturated with magnesium [Ferkin, eif ak 
1932], while it is reduced to a minimum in soils 
saturated with calcium. The available analyses 
of the soils saturated with these cations also indi- 
cate the same fact, i.e. the amount of available 
phosphoric acid in calcium-saturated soils decreas- 
es, while that of magnesium soils increases. The 
increase of phosphoric acid in the crop grown on 
magnesium soils is probably due to the fact, as 
pointed out by Miller [1938], that magnesium acts 
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as a carrier of phosphorus. The salts of magne- 
sium undergo dissociation very easily, and thus 
readily give up the anions which they carry. 

The decrease in the percentage of phosphoric acid 
removed by the crop from calciuni-saturated soil 
shows that phosphates are held up in the soil in a 
less readily available form. The fixation of 
phosphates may be due to the formation of calcium 
phosphate complexes, and the availability of phos- 
phoric acid in calcium soils is one of the principal 
problems in the application of fertilizers to crops. 
Again, if they are held up in the soil in such a form 
as is unable to penetrate to the lower layers, it 
may be necessary to apply phosphatic manures 
in a form that is able to reach the root zone. 

Similarly, the addition of calcium clay depresses 
the supplies of potash to the crop. It is surmised 
that this depressing effect may not be due to a de- 
creased solubility induced by the addition of cal- 
cium clay, but due to a diminished supply of avail- 
able soil potash caused by the replacement of potas- 
sium by calcium. This view is strengthened by 
the fact that the available potash content in cal- 
cium-saturated soil is less than that in the control. 

The results obtained in the foregoing pages indi- 
cate that the exchangeable cations in the soil 
affect the availability of plant nutrients. Calcium 
bases increase the uptake of calcium by the plant, 
whereas sodium, potassium, and magnesium bases 
seem to depress its absorption. The maximum 
effect in this respect is produced at the point of 
saturation. Thus, the nature and amount of ca- 
tions exercise an important influence on the ferti- 
lity of the soil. 

SUMMABY AND COXOLITSIOHS 

The data presented in this investigation point 
out the important r6le played by the exchangeable 
bases on the growth and the composition of wheat 
crop. The study was carried out on an average 
soil from the Lyailpur Agricultural Farm. 

The investigation involved the preparation of 
soils containing varying amounts of exchangeable 
bases. Data have been presented on the germina- 
tion, growth, and yield of wheat crop grown on 
different soils. The amount of plant food material 
removed from these soils was determined by ash 
analyses of the crop. 

The main conclusions arrived at as a result of 
these experiments may be summarized as follows : 

1. The displacement of bases in the soil by any 
single base does not take place to the entire exclu- 
sion of the other. The degree of saturation varies 
with the nature of the cations and the order of dis- 
placement is Ca>Na>Mg>K.' 


2. (a) The nature of cations also affects the soil 
reaction considerably, sodium soils exhibiting the 
highest value, and the calcium soils the lowest. 
The order of soil reaction is Na>K>Mg>Ca. 

(5) A change in the amount of exchangeable 
sodium brings about the greatest variation in the 
values of the soil, but a corresponding change 
in the calcium content produces only a small varia- 
tion. 

3. Germination is delayed in soils treated with 
monovalent bases. 

4. Growth and yield of wheat crop is invariably 
better in soils treated with divalent bases than in 
those treated with monovalent bases. Calcium- 
saturated soils have given the best results, while 
sodium- saturated soils have proved to be most 
harmful. There is a progressive increase in yield 
as the amount of exchangeable calcium increases. 

5. The percentage of mineral matter removed is 
the largest from potassium soils, and the least from 
calcium soils. 

6. (a) Plants are observed to enjoy luxury 
consumption of the base which is in excess in the 
soiFs exchange complex. 

(b) The dom'nant base also greatly affects the 
absorption of other bases by the plant. Generally 
speaking, it suppresses the absorption of other 
bases, but sodium soils increase the absorption of 
potassium, and magnesium soils of both the mono- 
valent bases. 

(c) The order of absorption of different bases 
from soils containing different cations is variable, 

7. The crop removes the maximum amount of 
phosphoric acid from magnesium soils, and the 
least from calcium soils. Increasing amounts of 
exchangeable calcium suppress the absorption of 
phosphorus by the plant. 
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In a previous paper the authors [Ghaiii and 
Aleem, 1943] have studied the distribution of phos- 
phorus in the surface samples of a number of Indian 
soils collected from different localities and have 
discussed its importance with regard to the practi- 
cal aspect of phosphate availability. In view of 
the interesting results obtained it was thought that 
a study of the vertical distribution of the phos- 
phorus fractions in profile samples might give 
useful information. In the few attempts that 
have been made in the past attention has been con- 
fined mainly to the variation of the total phos- 
phorus and dilnte acid- soluble phosphorus with 
depth. There has been some speculation also as 
to the nature of phosphorus compounds that occur 
at different horizons of the soil profile [Heck, 1934 ; 
Pearson and others, 1940]. From the latter point 
of view, a fractionation study in the proposed 
manner would be of great value. With this object 
the profile samples from eight soils collected from 
different parts of India have been fractionated 
according to the procedure described by one of the 
authors [Ghani, 1942]. A brief description of the 
soils is given below. 

Description op soils 
No. 1. Dacca, Bengal 

0 — 6 in. . Grey coloured loamy soil slightly 
dark due to organic matter. pH 
5*2. 

(6) 6 in. — 2 ft. Yellowish grey heavy loam, 

3 in. sparsely mottled with iron. pH 

5*3. 

(c) 2 ft. 3^ in. — Yellowish grey clay soil with 

4 ft. numerous iron mottlings. pH 

5 -3. 

No. 2. Bidar, Hyderabad {Deccan) 

{a) 0—1 ft. . Brownish sandy soil mixed with 
‘murrams’ of purplish gravel and 
of a few whitish nodular material. 
pH 6 *2. 

(6) 3 — 4 ft. . Decomposed trap mixed with a lot 

of whitish, yellowish material and 
a little soil. pH 6 *4. 

No. 3, Himayetsagar, Hyderabad {Deccan) 

(a) Q — 3 in. . Red sandy loam soil, parent 
material-— granite. pH 6 *4. 
if)) 3 in.— 1 ft. Red sandy loam mixed with gra- 

6 in. vels. pH 6 *4. 


(c) 1 ft. 6 in. — Friable decomposed rock contaiii- 

4 ft. ing whitish material said to be 

due to decomposition of pigma- 
tito- pH. 7-3. 

No. 4. Telankheriy Nagpur (G. P.) 

(a) 0 — 2 in. . Red sandy loam mixed with 

boulders of partially decomposed 
basalt. pH 6*3. 

(6) 2 in. — 2 ft. Red sandj^ loam mixed with 

6 in. larger boulders of partially de- 

composed basalt. pH 6 '4. 

(c) 13 — 16 ft, . Grey decomposed material. pH 

6-7. 

No. 5, Chandhheri, Raipur {0. P.) 

^a) 0 — 4 in. . Light red loam soil mixed with 
iron concretions. pH 5 *8. 

(6) 4 in. — 1 ft. Red soil mixed with large 

5 in. amounts of iron concretions. 

pH 5 *8. 

No. 6. Buksa forest division, Rydah Forest (Assam) 

(ct) 0 — 9 in. . Light brown silt loam. pH 4 -5. 

(b) 9 in . — 1 ft. Slightly reddish loamy soil. pH 4 *5. 

6 in. 

(c) 1 ft. 6 in. — Do. pH 4 *4. 

2 ft. 3 in. 

No. 7, Kurseong forest division, Suhna Reserve 
Forest (Bengal) 

0 — 9 in. . Grey coloured silty loamy soil. 
pH 4 *5. 

(6) 9 in. — 1 ft. Slightly radish. pH 4 *3. 

6 in. 

(c) 1ft. 6 in.— Do. pH 4*1. 

2 ft. 3 in. 

No. S. Tenaserim (Burma) 

(а) 0 — 6 in. . Dark loamy soil.* pH 4 *21 

(б) 6—12 in. Do. pH 4 *2. 

Discussion OE RESULTS 

The results of fractionation expressed both as 
mg. P 2 O 5 per cent of the 

total P 2 O 5 are given in Table I. 

Total phosphorus 

It will be seen from Table I that the total soil 
phosphorus is lower in the second depth (sub- 
surface) of all the eight soils. In soil Ho. 4 there 
is a very slight increase though the rate of fall is 
different in different profiles. But the third depth 
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or subsoil samples in four out of five soils show an soil phosphorus is at a minimum at the subsurface 
increase, in some cases considerable, over the sub- layers. The evidences given by the previous 
surface samples, which goes to show that the total workers are rather conflicting in this respect. 

Table I 

Vertical distribution of phosphorus fractions 



Acetic acid- 
sol. 

Alk.-sol. 

inorg. 

Organic 

Suiphuric 

acid-sol. 

Insoluble 

Total 


A* Bf 

A 

B 

A 

B 

A 

B 

A 

B 

A 

i. Dacca, Bengal-— 











0—6 in, . . . 

1*6 2 

16*6 

17 

63-4 

66‘ 

8-6 

9 

5-4 

6 

95-6 

6 in.— 2 ft. 3 in. 

Nil 

10-7 

12 

6p8 

69 

5-2 

6 

11-5 

13 

89-2 

2 ft. 3 in.— 4 ft. 

Trace 

10*0 

15 

41-2 

62 

6-0 

10 

8-8 

13 

66-0 

2. Bidar, Hyderabad — 











0—1 ft. . 

700-0 50 

229-3 

16 

26*7 

2 

63*8 

5 

382-0 

27 

1400-0 

3— 4 ft. .... 

20-0 17 

36-3 

24 

20-3 

14 

16-0 

11 

51-4 

34 

150-0 

3. Himayetsagar, Hyderabad — 











0—3 in. .... 

Trace 

Trace 

... 

26*6 

24 

9-2 

8 

75*3 

68 

111*1 

3 in.— 1 ft, 6 in. 

Nil 

12-0 

23 

22*0 

42 

Trace 


18-7 

35 

62*7 

1 ft, 6 in.— 4 ft. 

43-0 28 

21*3 

14 

10*7 

7 

28-0 

18 

51-0 

33 

154-0 

4. Telanhhen, Nagpur — 











0—2 in, .... 

1*6 X 

16-0 

8 

33*0 

18 

4*0 

2 

135-4 

71 

190-0 

2 in. — 2 ft. 6 in. 

Trace 

16-0 

28 

21*0 

88 

4-0 

7 

15-3 

27 

56*6 

18—16 ft. . . . 

156-0 63 

125 

5 

46-5 

19 

12-0 

5 

18-6 

8 

245*6 

5. Chandhhen (0. P.)— 











0 — 4 in. . 

Trace 

21-3 

20 

19-7 

18 

12-5 

12 

53-3 

50 

106-8 

4 in. — 1 ft. 5 in. , 

NU 

12-6 

11 

26*7 

24 

5-0 

4 

65-8 

60 

110-0 

€»£ukm forest — 











0—9 in 

3-3 2 

31-0 

17 

108-3 

60 

18*0 

10 

20-5 

11 

181*1 

9 in.— 1 ft. 6 in. 

Trace 

22-9 

17 

62-4 

48 

23-2 

18 

22-4 

17 

130*9 

1 ft. 6 in.— 2 ft; 3 in. 

Trace 

22-5 j 

15 

102-8 

70 

19-2 

12 

4-6 

3 

149*1 

7 . Kurseong forest — 











0—9 in. . 

Trace 

28-8 

14 

88*5 

42 

19-6 

9 

1 73-8 

35 

210*7 

9 in.— 1 ft. 6 in. 

Trace 

26-6 

17 

96-0 

62 

22-4 

15 

9-6 

6 

154*6 

1 ft. 6 in.— 2 ft. 3 in. 

Trace 

26-3 

17 

80-5 

51 

18-0 

12 

31-0 

20 

155*6 

3. Tenmerim — 











0~“6 in.. . . • . 

6-1 3 

26-0 

13 

59-3 

31 

14-0 ^ 

7 

88-6 

46 

j 194-0 

' 6— 12:in. ' ' . ' . . ' . 

2*3 2 

33-3 

25 

39-3 

29 

5*0 

4 

54-5 

40 

T34-4 


A means mg, PaOs per 100 gm. Of soil 

Wheeting’s [1924] results witli five McMgan 
soils showed wide differences in the relative 
amounts of phosphorus found at four depths. In 
two of the soils highest percentage was found in the 
A-horizonj in two other in the B-horizon and in 
one soil in the C-horizon. Stephenson and Chap- 
man [1931] found no correlation between the phos- 
phorus content of various layers in eleven Cali- 
fornia soils. Walker aiid Brown [1936] analysed 
samples taken at 0-6| in. and 20-40 in. and found 
that larger amount of phosphorus was present in 
the surface layers than m the lower zone. 


t B means P2O5 in per cent of the total PaOs 

Odynsky [1936] found that in four of the five 
Alberta soils, total phosphorus was at its minimum 
in the intermediate layers whereas in one soil it 
regularly decreased with depth. Pearson a?. 
[1940] in a study of 12 Iowa soil profiles found that 
in all cases the total phosphorus decreased with 
depth to a minimum between the lower A and the 
upper C horizons. Below this zone in 11 of the 12 
soils, the amounts increased rapidly with depth to 
the bottom of the profile. 

The results obtained here are similar to those 
obtained by Odynsky and Pearson. Pearson 
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suggested that the difference in the location of 
zones of niaximiini root development within the 
profiles may be responsible for variations in phos- 
phorus distribution. That, this is the case 
appear from the vertical variation of the total 
phosphorus in the profiles of the two forest soils 
Bnksa and Kiirseong. In these two profiles, the 
differences in phosphorus content of the second 
and third depths are extremely small. Obviously 
this is due to an enlargement and downward shift 
of the zones of root development and phosphorus 
absorption, necessitated by the growth of forest 
trees. In the soils under ordinary crops and grass, 
the zone of maximum absorption is naturaUy 
located further up, as a result of which much phos- 
phorus will be drawn from the subsurface layers 
impoverishing it by the process. 

Acetic acid-soluble phosphorus 

The acetic acid-soluble phosphorus is present 
only in traces in almost all the soils at all depths. 
Undoubtedly this is due to the acid nature of the 
soils. Only in the Bidar soil w^hose pIL is above 6 
and in the subsoil sample of Hemayetsagar whose 
pH is 7 * 3 the fraction occurs in a high proportion. 
Unfortunately these trace values of acetic acid- 
soluble phosphorus have made it impossible to 
detect the nature of change of the fraction dowm 
the profile. However, in many of the soils the 
surface samples contain some available phospho- 
rus, though very small, while at the second depth 
it is practically absent. Soil No. 2 which is conspi- 
cuously rich in phosphorus contains 50 per cent of 
it in this form in the surface sample and the amount 
decreases to 17 per cent in a lower layer. This 
may probably indicate a downward decrease of the 
acetic acid-soluble fraction. In two of the soils 
(Nos. 3 and 4) 28 and 63 per cent respectively occur 
in the lowest layer though there is practically 
nothing in the upper layers. Though these results 
do not point to any definite conclusion yet they 
may add to the meagre stock of information that 
we possess on the subject. 

Alway, McDole and Rost [1917] reported that 
citric acid-soluble phosphorus increased rapidly to a 
depth of 6 ft. and then remained constant in several 
soils developed from loess. Stephenson and Chap- 
man [1931] found an increase in soluble phosphoras 
with depth in four of the eleven California soils. 
Lohsey and Runke [1933] reported an increase of 
soluble phosphorus with depth below the Ag" 
horizons of virgin podsolic and brown forest sons 
in Ontario. Odynsky [1936] found that phospho- 
rus dissolved by (} *002N sulphuric acid increased 
with depth throughout the profiles of three dark 
coloured unleached Alberta soils. Romine and 
Metzer [1939] using the same reagent found that 
soluble phosphorus was lower in the^ B than in the 
A horizons of six out of eight prairi soils. Pearson 


et ak [1940] show^ed that in nine out of twelve 
soils, dilute acid-soluble phosphorus increased in 
the lower A or upper B horizons. In seven of the 
soils the lower layers contained more than 25 per 
cent soluble jihosphorus and in one soil 55 per cent 
as compared with. 0 * 94 to 3 * 63 per cent found in 
the surface layers. 

Alkali-soluble inorganic phosphorus 

Table I shows that this fraction (iron and alumi- 
nium phosphates) decreases downwards in six out 
of the eight profiles. In two of the soils (Nos. 3 
and 8) it shows a tendency to increase with 
depth. When the fractions are considered as 
per cent of the total phosphorus it is found 
that in six of the soils per cent iron and aluminium 
phosphates is higher in the second depth and 
then again it is lower in the third depth, shomng 
that a maximum is attained in the intermediate 
layers. These are the same soils which showed a 
minimum of total phosphorus in the intermediate 
layers. It has already been pointed out that the 
intermediate layers may in all probability represent 
the zone of maximum absorption, at least in al 
arable and grassland soils. Accumulation of iron 
and aluminium phosphates keeping in harmony 
with the depletion of total phosphates in this layer 
may only mean that this form of phosphorus has 
not been removed by the plants to any appreci- 
able extent. This gives an additional support to 
the prevailing view that iron and aluminium phos- 
phates are comparatively unavailable to plants. 
A noticeable difference can again be observed in the 
behaviour of the two forest soils. In these cases 
also the fraction is at its maximum in the middle 
layer but the difference between the two lower 
layers is extremely small. This shows that accu- 
mulation of iron phosphates has progressed at the 
same rate in the two-layers, both being located 
within the zone of root development of the forest 
vegetation. 

Sulphuric acid-soluble phosphorus 

The phosphorus soluble in 2N sulphuric^ acid 
(apatites) is comparatively small and constitutes 
the single lowest fraction in the samples studied. 
The nature of changes with depth is practically 
the same as was observed with the alkali-soluble 
inorganic fraction. In the majority of the soils 
it reaches a maximum in the intermediate layers. 
As regards its availability, the same consideration 
will show that it is of little use to plants. 

Insoluble phosphorus 

The insoluble fraction varies with depth a 
rather haphazard fashion. In three of the soils 
(Nos. 3, 4 and 8) per cent , insoluble phosphorus 
regularly decreases whereas in the three others 
(Nos. 1, 2 and 5) it shows a regular increase. In 
one soil (No. 7) the intermediate layer contains the 



w 




THE INDIAN JOURNAL 


lowest proportion, and another soil (No. 6) shows 

iQiaximuiu at the middle layer. Taking the 
absolute values of the fraction (mg, P2O5 per 100 
gm. of soil) it is found that three of the soils show 
a minimum value and two a maxinium value at the 
intermediate depth. 

Organic phosphorus 
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Table II ■ 

O/N, CjP and NjP ratios at different depths 


Org. 0 Nitro- Org. P. C/N C/P N/P 
per gen per per 
cent cent cent | 


r. Dacca— 
0—6 in. 


•028 11*3 45*0 3’9 


In six of the soils the amount of organic ph(^- 
phorus (per 100 gm. of soil) shows a decrease in the 
subsurface ; in two of them there is again a rise in 
the thud depth. In one there is a slight tendency 
to increase downwards while in another a niaximiim 
amount is present in the middle layer. Again, 
when the fraction is expressed as per cent of the 
total soil phosphorus in most of the soils the highest 
percentage is present in the second depth. This 
shows as before an accumulation of organic phos- 
phorus as a comparatively unavailable fraction 
in the intermediate layers in the profile. Auten 
[1922] found that in two of the three profiles he 
studied, organic phosphorus expressed as pounds 
per acre regularly increased up to the subsoil 
(third depth) while in one a minimum was reached 
at the subsurface layer. He further found that the 
ratio of total phosphorus to organic phosphorus 
was maximum in the middle layer in two of the 
soils and regularly increased in one. 

For obvious reasons, the accumulation of organic 
phosphorus depends on many other soil factors 
besides the distance of the layer from the surface, 
as it is bound up with the occurrence of organic 
matter and its rate of decomposition. 

It was, therefore, thought desirable to study the 
organic phosphorus in its relation to organic car- 
bon and nitrogen and to examine the nature of 
variation of these constituents with their distance 
from the surface. Very little information is 
available at present on such relationships. Re- 
ference can only foe made to the work of Auten 
[1922] who, in his study of the surface and sub- 
surface samples of four Iowa soils, found the ratio 
of organic phosphorus to organic carbon to vary 
from 1/93 to 1/329 and the ratio of organic phos- 
phorus to nitrogen to vary from 1/8 to 1/24. 

C/N, CfP and NjP ratios 

The carbon to nitrogen, carbon to organic phos- 
phorus, and nitrogen to organic phosphorus ratios 
of the profile samples are presented in Table II. 

It will be seen from Table II that organic carbon 
and nitrogen regularly decrease with depth in all 
the soils excepting No. 5. The organic phosphorus 
figures also indicate a similar behaviour. In soil 
No. 5 which shows a rise in the carbon content 
with depth, both nitrogen and organic phosphorus 
also exhibit a similar change. The downward 
decrease of the three constituents is not however 
in the same proportion, as will be evident from a 
comparison of the three ratios. 


6 in. — 2 ft. 3 111 . 


•067 -027 8-3 21-0 2*5 


2 ft. 3 in.— 4 ft. 


•048 -018 8-0 21*4 2*6 


2. Bidar- 


•040 -012 19-3 64-3 3*3 


0-349 •023 -009 15-1 38*8 2-6 


3. IlcMayetsagar- 


3 in. — 1 ft. 6 in. 


b-515 -055 


057 *012 10-6 50*6 4-7 
055 -010 9*4 51*5 5-5 


a ft. 6 in.— 4 ft. 


•008 -005 6*5 11*0 1*6 


4. Telankhen- 


•014 13*9 ll05-0 7*5 


2 in.— 2 ft. 6 in. 


•009 12*6 !i24*7 ^*9 


5. Chandlcheri- 


0*668 *047 *009 14*2 74-2 5*2 


4 in. — 1 ft. 5 in. 


•010 15*4 95*0 6*2 


6. Buksa- 


•213 *047 16*0 67'9 4*5 


9 in.— 1 ft. 6 in. 


•027 16-1 68*2 4-3 


1 ft. 6 in.— 2 ft. 3 in. 0-851 


•045 10*0 18-9 1*9 


7. Kurseong- 


•194 *037 ; 11*9 62-2 5-2 


9 in. — 1 ft. 6 in. 


•145 0*42 11*0 37*8 3*4 


1ft. 6 in.— 2 ft. 3 in. 1*050 *106 0*35 | 9-8 30*0 3*0 


1 


The C/N ratio varies from 10*6 to 19 *3 in the 
surface samples, the average value being 13*7. 
In the subsurface samples it varies from 8*3 to 
16-1, the average value being 12*1. In the sub- 
soil samples the ratio varies from 6 • 5 to 15 * 1 with 
an average at 9* 9. The average ratio varies from 
13 * 7 to 9 * 9 down the profile. 

The C/P ratio varies from 45*0 to 105* 0 in the 
surface, the average value being 67*0. In the 
subsurface it varies from 21*0 to 124*7 with an 
average at 66*5. In the subsoil samples, the ratio 
varies from 11*0 to 38* 8, the average value being 
24*0, The average ratio varies from 67 *0 to 24*0 
down the profile. 

The N/P ratio varies from 3*3 to 7 *5 in the sur- 
face with an average at 4*9. In the subsurface 
the ratio varies from 2* 5 to 9 * 9, the average value 
being 5*3. At the subsoil layer it varies from 1 * 6 
to 3*0 with an average of 2*L The average ratio 
varies from 4 * 9 to 2 * 3 with depth with a maximum 
of 5*3 at the subsurface. The average variation 
of the three ratios at different depths are shown in 
Table III, 
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Table III 

Average variatmi of OjN, GjP and NjP ratios with depth 


Soil 

C/H 

C/P 

. 

X/P 

Min. 

Max. 

Average 

Mia. 

Max. 

Average 

Min. 

3Iax. 

Average 

Surface (7 samples) 

10*6 

19*3 

13*7 

45-0 

105*0 

67*0 

3*3 

7*5 

4*9 

Subsurface (6 samples) 

8*3 

16*1 

12*1 

21*0 

m*7 

66*5 

■ 2*5 

9*9 

5*3 

Subsoil (5 samples) 

6*5 

i 

15*1 

9*9 

11*0 

38*8 

24*0 

1 1*6 i 

I ‘ 

1 3*0 

1 * 

2*3 


The above results will further show that, as com- 
pared with organic carbon, both nitrogen and organ- 
ic phosphorus breakdown at a lower rate in the 
lower horizons of the profile. This is revealed in 
r regular decrease of the C/N and 0/P ratios down the 
profile. Again as compared with nitrogen, the rate 
of breakdown of organic phosphorus lessens with 
depth as is shown by the narrowing down of the 
N/P ratio. In Telankheri and Chandkheri soils 
the G/P and N/P ratios increase with depth. In 
the latter soil the higher carbon and nitrogen con- 
tent at subsurface is mainly responsible for this 
increase. In so far as these findings will justify 
generalization it may be said that as the depth of 
the layer increases the rate of disappearance of 
these elements from the soil organic matter is of 
the order C>N>P or in other words, at lower 
^ depths the phosphatic organic matter is the most 
^ resistant of all. 

It may also be readily observed from the above 
r data that the correlation between organic carbon 
and organic phosphorus, and between nitrogen and 
organic phosphorus, would be fairly significant. 

Summabv 

A study has been made of the vertical distribu- 
tion of various phosphorus fractions in a number of 
profiles. 

I The total soil phosphorus is at a mimmuni in the 
I intermediate layers of the profiles, showing that 

' phosphate absorption by plants is maximum in 

those layers. 

The acetic acid-soluble phosphorus decreases 
with depth ; in some cases it is at its minimum at 
the middle layer. 

Iron and aluminium phosphates expressed as 
percentage of the total phosphorus are usually at 
i their maximum at the intermediate layers — the 
zones of maximum root development and phos- 
phorus absorption showing that they are unavail- 
able to plants. The apatite phosphate varies 
more or less in the same way . 
i Organic phosphorus, organic carbon and nitro- 
gen decrease with depth in most of the soils. But 


expressed as per cent of the total phosphorus, or- 
ganic phosphorus is present in the highest percent- 
age in the second depth. On an average, C/N and 
C/P ratios decrease with depth whereas the N/P 
ratio shows a maximum in. the subsurface. . 
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It has been known for a considerable time that 
the exposure of surface to air after injury is accom- 
panied by enhanced oxygen absorption and carbon 
dioxide production. Associated with the increased 
respiration rate some observation on regeneration 
have been made by Steward, Wright and Berry 
[1932], with cut discs of potato. They noted the . 
production of prominent cytoplasmic strands with 
renewed protoplasmic streaming, the increase in 
the size of the nucleus and occasional cell division 
in the surface cells exposed to air. They postu- 
lated that these cytoplasmic changes culminating 
in meristematic activity would involve transforma- 
tion in the nitrogenous substances within the cells. 

The chemical changes in response to these acti- . 
vities of regeneration have been observed to a 
limited degree. Thus Gruss [1907] noticed an 
accuimilation of sugar and an increase in the oxidiz- 
ing enzymes and in the diastatic activity of the 
cells around the wounded potato. It was ob- 
served by Hopkins [1927] that the sugar content 
of the wounded potato increased with the dis- 
appearance of starch from the surface cells. 
Fredrich [1908] noted in the cells bordering the cut 
surfaces of potato an increase in total nitrogen and 
acidity and a decrease in total carbohydrate but 
an increase in reducing sugars. Besides these 
changes in carbohydrate content some observa- 
tions have been made by Zaleski [1901], Heitlenger 
[1901], Kovchoff [1902], and Smirnoff [1903] 
on the nitrogenous substances of the wounded sur- 
face. The observations of all these investigators 
show that as a result of wounding an increase 
in protein nitrogen occurs, but no scheme has been 
suggested as to the way the soluble nitrogen passes 
into insoluble form. It was agreed by Smirnoff 
and Zaleski that in absence of air or in hydrogen 
these changes do not take place. 

In the past a considerable amount of work has 
been done to advance the knowledge of protein 
synthesis in plants and in these investigations 
various plant organs have been employed to fur- 
nish evidence for the course of nitrogen metabo- 
lism. Amongst these the storage organs have not 
been adequately studied. Gruntuch [1929] noted 
that though the potato tubers have a low total 
nitrogen, yet they have also a very high soluble 
nitrogen. An observation on the transformation 


of such a high percentage of soluble nitrogen into 
protein nitrogen as a result of increased metabolic 
activities niay add to our knowledge of protein 
s;yTithesis in plants. The advantage of using cut 
discs of potato tuber exposed to air for such ob- 
servations are as follows : 

(1) In storage organs carbohydrate supply is 
adequate, which, besides being a source of energy 
for the synthetic cells, provides for the necessary 
carbon compounds of the protein molecule. 

(2) The elimination of translocation prevents the 
loss or supply of any organic nitrogen to and from 
any other part of the organism so that the dis- 
appearance or production in excess of any particu- 
lar nitrogenous compound may be directly account- 
ed for the nitrogen metabolism of the organ. 

(3) The observation is limited to a small bulk 
of uniform cells thus avoiding any complications 
due to complex tissue system. 

(4) Storage tissue has been extensively used for 
salt absorption, the ability of which has been 
shown by Steward [1931] to be dependent on the 
physiologically active cells. In addition to the 
increased respiration rate the activities of the sur- 
face cells to regeneration have been mentioned 
before. The importance of salt absorption in these 
physiologically active cells concomittant with 
growth is obvious. From this it might be antici- 
pated that the absorption of inorganic nitrogen by 
these cells may throw further light as to the way 
protein is normally synthesized in plants from 
inorganic nitrogen. 

The experimental attack of the problem resolves 
itself into two main features to which simultaneous 
attention has been paid: firstly to the maintenance 
of proper conditions for allowing the cells to res- 
pire aerobically for a considerable time in an at- 
mosphere free from carbon dioxide accumulation ; 
secondly the prevalence of ideal condition for salt 
absorption and water supply to the evaporating 
cells without interfering with aeration and carbon 
dioxide measurement during the course of the 
experiment. 

Apparatus 

The apparatus for the present investigation 
consists of two main parts (Figs. 1 and 2) ; 

(I) The respiration chamber (R). 
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Fla. 1 . Respiration apparatus 


(2) The vessels (V), containing a liquid with 
accessory arrangements for the periodical flooding 
of the discs. 

(1) Respiration chamber (R). This is a cylindri- 
cal jar with a ground glass stopper and provided 
with two holes just below the open end and one at 
the bottom. One of the upper holes serves as the 
inlet of carbon dioxide free air and the other at the 
opposite side allows the air stream containing res- 
pired carbon dioxide to be conveyed to the absorp- 
tion bubblers (D). The hole at the bottom serves 
as an entry of culture solution to flood the 
discs. Six such jars are arranged in a parallel 
series in one plane. For aeration air free from 
any laboratory gas is drawn from outside the labo- 
ratory buildings by the suction of a filter pump. 
The air stream passes first through wash bottles 
(S, H) containing 20 per cent sulphuric acid and 
40 per cent sodium hydroxide to remove atmos- 
pheric impurities and carbon dioxide. Finally 
the air stream before entering the respiration 
chamber is passed through a tower (M) packed 
with beads and containing 40 per cent sodium 
hydroxide to remove the last traces of carbon di- 
oxide in the air. The carbon dioxide free air thus 
drawn enters the six respiration chambers through 
a combination of two (T) pieces ; one arm of the 
(T) piece is connected to the vessels in order to 
@quaiiz;e the pressure between the vessels and the 


respiration chambers and the other arm joins three 
respiration chambers. Similarly with second (T) 
piece air is delivered into the other three chambers. 
Then the air stream containing the respired carbon 
dioxide is led into the spiral bubbler (D) containing 
sodium hydroxide for the absorption of carbon 
dioxide. Air from each of the spiral bubblers 
passes into a six-way glass tube, then through a 
capillary flow meter (F), protected by calcium 
chloride tube, and Mariotte bottle, T, is finally 
removed by the suction of the water pump. 

(2) The vessels (V). The main principle of this 
part of the apparatus is to flood the discs periodi- 
cally with a liquid at desired intervals, while in the 
intervening periods the discs are allowed to res- 
pire in air. The vessel for holding the liquid is 
made of pyrex glass and is provided with two 
openings, the one at the bottom for conveying the 
liquid is drawn to a tube which comiects with the 
lower hole of the respiration chamber through elas- 
tic rubber tubing. Six such vessels corresponding 
to the six respiration chambers (Fig. 2) are clamped 
to a metal stand. Two pieces of string from the 
two ends of the metal stand passing over pulleys 
are fastened on the opposite sides of the neck of a 
flask (K) acting an intermittent siphon, in such a 
way that the movement of the pulleys allows the 
flask to rise and fall vertically. The flask is pro- 
vided with a well-fitted stopper with three holes. 
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tbroHgh. one of the holes a siphon tube empties the 
water from the flask, the second is used for filling 
the flask through a funnel and the third hole 
allow^s inlet and outlet of air from the flask. The 
automatic movement of the flask is achieved by 
the w’^orking of the pulley system and the siphon 
tube. When the water level inside the flask rises 
to a certain height, the weight of the flask, becom- 
ing heavier than the combined weight of the metal 
stand and the vessels, lowers the former. By lower- 
ing of the flask the vessels are raised to a higher 
level and the discs are flooded with the liquid. 
The flask empties when the water level rises fur- 
ther to an adjustable height at which the siphon 
operates. The flask becoming lighter rises and 
the vessels fall by gravity and the discs are re- 
turned to air and the liquid flows back to the 
vessels. By the adjustment of the flow of water 
through a capillary (G) into the flask and the flow 
of the siphon tube, the interval for allowing the 
discs to respire in air and immersion in liquid 
alternately is maintained. 

Cylinders of potato tuber (Var. King Edward 
VII) were cut symmetrically by means of a cork 
borer 3-2 cm. in diameter. These were then 
marked around with a string at distances of 3 
mm. and cut into discs by a sharp scalpel. Discs 


having irregular thickness were discarded and 
those of approximately 3 mm. thickness were 
used. Six discs of 3 mm. thickness having a fresh 
weight of about 12 gm. could be conveniently 
arranged in each respiration chamber. For the 
complete analysis of all nitrogen fractions about 
12 gm. of the fresh weight of the disc are necessary , 
Such discs, having a thickness of 3 mm. approxi- 
mately, were used in all the experiments except 
in Experiment IV, where thicker discs were used. 
The discs of tissue were left in running tap water 
for 30 minutes to wash the starch grains from the 
cut cells. They were then superficially dried 
between filter paper, using a weighted photogra- 
phic roller to ensure uniform drying and then 
weighed. All results are calculated in terms of 
this initial fresh weight. The control discs were 
also treated in a similar way and analysed imme- 
diately. Before the experiment is started, the 
apparatus is sterilized with formalin solution and 
thoroughly washed with distilled water. The 
discs are suspended vertically on a thin glass as 
shown in Fig. 1 and uniform spacing is kept be- 
tween the adj acent discs. 75 c .c. of culture sohiti on 
is used in each of the vessels for flooding the discs. 
The air stream is drawn for an hour to remove the 
last trace of carbon dioxide from the apparatus 
before beginning the experiment. A clean dry 
bubbler containing sodium hydroxide is then 
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Esiknalion of carbon dioxide. Tlie ,‘iiiiount 
of carbon dioxide In the alkali in the l)ii])bl.er Is 
det.errained by notiT\&^ tlie cliari.so in ilie conducti- 
vity of the alkali as clescribec] by Xc-wton [1935]. 
The conductivity readings wc're taken by Dr R. 
Sankaraii, to wliom iny thanks are due. The 
respiration rates arc expressed a.s mg. of carbon 
dioxide per hour per gin. fresh weight of the 
disc. 

Expertmbhtal results 
Nitrogen meiaholmn 

Preliminary experiments were performed to 
test the changes in the nitrogen nietahoMsm occur- 
ring in the exposixl disc under aerobicj and anaero- 
bic conditions at differcirf-. tein}j(‘rafu:res. The 
production of carbon dioxide wa.s not measured in 
tliese t-wo experiments. 

Experiment I, Six discs of 3 mm. thickness 
selected at random were used in each series. 
Tlie control analysis was made'immediatel}?' after 
sampling. Tlie discs for aerobic respiration were 
kept for seven days in a Petri dish lined with 
moist filter paper; the loss of water from the discs 
was prevented by keeping the chamber moist. 
For anaerobic respiration the air from the inter- 
cellular spaces of the disc was exhausted by in- 
jecting water free from any dissolved gases. 
Then the discs were kept in a close chamber 
from which air was exhausted, the inside of the 
chamber was lined with moist filter paper. Both 
the series of the discs were kept at the laboratory 
temperature varying from 13*^ to 20°C. After 
seven days the discs were analysed for nitrogen 
fractions and the results are presented in Table I 
as percentage of fresh weight of the disc and in 
Table II as percentage of total nitrogen; 

It is seen that- the total nitrogen of potato tuber 
as percentage of fresli iveight (Table I) is 'very low; 

Table I 


Nitrogen as percentage qf fresh imigM 



Total 

'N 

Total 

cryst. 

N 

1 

Protein 

N 

i 

Total 

amino 

N 

1 ' ■ 

Amino- 

acid 

1 , N 

Amidiii 

N 

Residual 

N 

1 ' 

Control fresh wt.' 11 *29 
,,gm. ■■■, 

0 -2590 ■ 

0 *2044 

0 ‘0546 

0 -oftsa 

0-0429 

0 -0497 

0*0621 

Aerobic respiration, fresh 
, wt. 0 -53 gm. 

; 0 -2500 

0 ‘1470 

0*1120 

0 *0530 

0-0194 

0-0336 

1 0*0604 

Ananrob ic respiration 

fresh wt. 10*13gm. 

0-2786 

0‘2100 

0*0686 ; 

j .. . . 

i ^ i 

0-0966 

0-0518 . 

0-0448 

' , 0*0686 . 


connected to the rcs|iiration r*hainber to collect 
the respired carbon dioxide. Along with the 
change of the bubbler at tfie entl of each period, 
fresh culture soliiiion is used in the ■vessel. In 
order to remove any i^race of carlioii dioxide tliat 
may bo held In the liquid, the licfuid after each 
period is gently boiled while' a stream of carbon 
dioxide free air is drawu througli, and any caidion 
dioxide liberated ■ is absorbed in alkali in the spiral 
bubblers. The licpiid after eacli period of the 
experiment is presemved under sterile conditions 
to analyse wli ether any nitrogen has passed out 
of tlie disc 'iiito the liipiid. The analysis of the 
liquid after evaporating down to a smaller bulk 
has shown that less than 1. per cent' of nitrogen 
from the disc is lost In tlu^ culture solution in, the 
vessels. The fl,ow of a-ir through the apparatus 
is maintained at five litres per lioiir, and care 
is taken to see that tlie air stream passes througli 
the spiral bubblers at a uniform rate. The time 
diirin,g wliieh the discs are allowed to respire in 
air was maintained at 9 minutes an,d 30 seconds. 
The discs were immersed in the solution for 1 
minute and 30 seconds. With this arrangement 
the apparatus was very siiccessfull3^ run for a long 
period. At the end of the experiment the discs 
are found to be quite turgid and showed superficial 
browning similar to that noted by Steward [1931]. 
Immediately after the experiment the discs are 
dried superficially between the filter paper and 
their weights recorded. The discs are then divided 
into two portions : from one portion all soluble 
nitrogen fractions are analysed, a-iid the other 
•piortion is dried at 100°C. for estimating total 
nitrogen. From the discs estimations of total 
nitrogen, total soluble nitrogen, protein nitrogen, 
total amino and amide nitrogen and residual 
nitrogem were made, according to the methods 
followed by Richards a-nd Templeman [1936], 
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Table II 


Percentage of total nitrogen 




Total 

cryst. 

N 

Protein 

N 

Total 

amino 

N 

Amino- 

acid 

N 

Amide 

N 

Residual 

N 

Control .... 

78 -92 

21 *08 

CO 

16-56 

19*19 

23*98 

Aerobic respiration 

66 -76 

43 *24 

20 *46 

7-49 

12 *97 

23 *32 

Changes from the control 

—-22*16 

+22*16 

—16-29 

—9*07 

—6*22 , 

—0*66 

Anaerobic i;*espii*ation 

76-38 

24*62 

34*67 

18*59 

16*08 

24*62. 

Changes from, the control 

—3*54 

+ 3*54 

—1 *08 

-f2-03 

—3*11 

+ 0-64 


of this about 79 per cent in the control is soluble amount of protein is synthesized (Tables I and 
nitrogen, the total amino, amide and residual II). 

nitrogen are high. Regarding the amide nitrogen It is evident that the increase in protein nitro- 
the assumption is made that all amides in the gen is accompanied by a decrease in amino-acid 
plant exist in the form of asparagine. On this and amide nitrogen, while the residual nitrogen 
assumption the absolute values of amino-acids remains at about the same level as in the initial 
are estimated from the difference between the analysis. It is noted that under aerobic condition 
total amino and amide figures [Sircar and Sen there is more decrease from the control value in 
1941]. On this basis it is observed that the tuber amino-acids than in amides. Under anaerobic 
contains more amides than amino-acids as the condition the synthesis of protein is small. To- 
control analysis shows here. gether with the small increase in protein nitro- j 

After seven days aerobic and anaerobic respira- gen the amino-acid nitrogen has also^ increased , 
tion the discs were found to be quite turgid. In while the amide nitrogen alone has disappeared 
the case of aerobic respiration superficial browning to the extent to which the protein is formed, 
of the discs as noted by Steward [1931] was seen, Experiment IL The second experiment was 
but under anaerobic condition no such change in performed in a way similar to Experiment I, the 
colour is observed. As a result of aerobic temperature in this case was maintained constant 
respiration for seven days at the temperature at 25''C. The results of the nitrogen analysis are 
varying between 13*^ to 20®C. a considerable entered in Tables III and IV. 

Table III 

Nitrogen as percentage of fresh weight 



Total 

N 

Total " 
cryst 

N 

Protein 

N 

Total 

amino 

N 

Amino- 

acid 

N 

Amide 

N 

Residual 

N 

Control fresh wt. 11*26 
, gm. , 

1 

0 *2422 ! 

i 

0*1176 

0*1246 

0 ‘0419 

0 *0055 

0*0364 

0*0393 

Aerobic respiration fresh 
wt. 12 *03 gm. 

0 -2422 j 

0*1414 

0*1008 

0 *0501 

[ ■ 

0*0165 

0*0336 

0-0677 

Anaerobic respiration 

fresh wt. 11 *99 gm. 

0-2184 

0*1092 

0*1092 

0 *0644 

0 *0358 

0 -0266 

0*0182 
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: Total 

cryst. 

1 N 

Protein 

N 

j Total 
amino 

N 

1 Amino- 
acid 

N 

j Amide 
j N 

i 

.Residual 

'N 

Control 

48 *55 

51 *45 

17*30 

2 ’27 

1 15*03 

16*22 

Aorobic respiration 

I 58 -38 

41 -62 

20 *69 

6 *82 

1 23 -87 

23 -82 

Clianges from the control 

j -f9-83 

—9*83 

+ 3-39 

+ 4-55 

--1 *16 

+ 7*60 

Anaerobic respiration 

50 -00 

50 -00 

29 *49 

17*31 

12*68 

8*33 

Changes from the control 

+ 1 -45 

—1-45 ' 

+ 12*19 

+ 15-04 j 

—■2 *35 

—7 *89 


The sample in this experiment was collected from 
a different batch of potatoes, bnt the total nitrogen 
is about the same as in Experiment I. Of this 
more than 50 per cent is in the form of protein 
nitrogen as seen in the control analysis. It is 
interesting to note that corresponding to high 
protein nitrogen there is only 2 per cent amino - 
acid nitrogen whereas the amide nitrogen is 
maintained high. The nitrogen metabolism has 
resulted in the breakdown of protein after seven 
days of aerobic respiration at a temperature 
maintained constant at 25^C, The degradation 
of protein has resulted in the increase in amino- 
acids and residual nitrogen, the increase is con- 
siderably greater in amino-acids than in any other 
fractions under aerobic condition. The amide 
nitrogen is reduced to a small extent. 

At the end of seven days anaerobic respiration 
at this temperature, the discs became soft and 
some of the nitrogenous substances have diffused 
out of the cells, consequently the total nitrogen 
estimated as percentage of fresh weight is low. Of 
the total nitrogen that was estimated in these discs 
equal amounts of protein and soluble nitrogen are 
noticed (Tables III and IV). The amino-aeid has 


increased considerably, the amide and the residual 
nitrogen have decreased. 

Carbon dioxide production 

Experiment III. For the third experiment the 
apparatus as described before has been used. The 
discs of average 3 mm. thickness are allowed to 
respire in the respiration chambers and are periodi- 
cally hooded with water. The exXperiment is 
started with two series, one of short period and 
the other of longer period. A control analysis 
of nitrogen fractions was made immediately 
after sampling. The results of nitrogen analysis 
are entered in Table V as percentage of fresh 
weight and in Table VI as percentage of total 
nitrogen. The total amounts of carb^on dioxide 
produced per gm. fresh weight are also given in 
Table VI. It is to be noted that the respiration 
measurements in the present investigation were 
made at long intervals to estimate the total 
amounts of carbon dioxide produced during the 
changes in the nitrogenous compounds of the ex- 
posed disc. From the data presented here it is 
not possible to show the respiration time curve, 


Table V 

Nitrogen as perceiitage of fresh weight 



Total 

N 

Total 

cryst. 

N 

Protein 

N 

Total 

amino 

N 

Amino- 

acid 

N 

Amide 

Re^siduai 

Control fresh wt. 13*04 
gm. 

0*2212 

0*1648 

0*0564 

0*0771 

0 *0428 

0 *0343 

0-0534 

Short period 66 hours 
fresh wt. 13 -62 gm. 

0-2436 

L 0*1428 

0 *1008 

0 *0684 

0 -0376 

0 -0308 

0 -0436 

Long j)oriod 138 hours 
fresh wt. 12 *97 gm. 

0*2184 

0*1056 

0*1128 

0*0473 

0 *0235 

0 *0238 

0 -0345 
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Table VI 

Perceniiige of total nitrogen 



Total 

cryst* 

N 

Protein 

N 

Total 

amino 

N 

Amino- 

acid 

N 

Amide 

N 

Residiiai 

N 

Total 
COgnig. 
produced 
per gm. 
fresh wt. 

Control . . 

74-50 

25 -50 

34-86 

19-35 

16-51 

24-13 


Short period 

58 -62 

41 -38 j 

28 -08 

15 -44 

12 -64 

17-90 

4,-375 

Changes from th© control 

^ —IS -88 

j 

+ 15-88 1 

—6-78 

----3 -91 

■—2-87 

^6-23 

-• 

Long period 

i 48 -35 

51 -65 i 
{ 

21-66 

10-76 

10 *90 

15-79 „ 

• - 

Changes from the control 

—26-16 

1 

+ 26-15 

—13 -20 

—8-59 

--4 -61 

,—8-34 

10-701 


the precise elucidation of which would necessi- and the inactive; 
tate a innch modified technique so as to give nial rate has beei 
frequent readings over small time intervals under In view of th 
controlled temperature conditions. At the end of piratioii, the pre 
short period considerable changes in the nitrogen serve the effect 
content of the discs have occurred. There is nitrogen metahol: 
a net gain in protein in both the periods, larger in the present e 2 
amount being synthesized at the end of long period, made to dlfferer 

It is noticed that as between amino-acids and carbon dioxide p 
amides there is alwa^^s more decrease in the former* respiration and f; 
Swfuce-volufm effects in nitrogen metabolism correlate the in 

Experiment IF. The surface: volume effects T' . it , 

in respiration have been studied by Steward, pounds , the prec3 
Wright and Berry [1932] in detail. With discs necessitate the lu 
of variable dimensions they have shown that the here^ namely 

respiration of potato discs in air or immersed in Duplicate senes 

liquid is not iiniforni throughout their mass, but are allowed fo res 
the cells at the external surface in contact with periodical supply 
free oxygen, either dissolved in water or pre- maintained as i 
sent in a gaseous phase, contribute relatively much S, ^ 

more carbon dioxide to the total than those in . 
the interior. By using a wide range of thickness lables X and t 

variation from 0*3 mm. to 19*7 mm. a quantita- given in i abb 
tive measurement of the zone of high respiration p^’ovided with its < 

Table VII 

Nitrogen as 'percentage of fresh weight 


and the inactive zone of tissue respiring at a nor- 
mal rate has been made by Steward [1932]. 

In view of the surface-volume effects in res- 
piration, the present experiment is made to ob- 
serve the effect of thickness variation on the 
nitrogen metabolism. It may be mentioned that 
in the present experiment no attempt has been 
made to differentiate between the amount of 
carbon dioxide produced from the zone of high 
respiration and from the inactive zone and thus 
to correlate the increased carbon dioxide produc- 
tion with the changes in the nitrogenous com- 
pounds ; the precise computation of wluoh would . 
necessitate the use of discs thinner than those 
used here j namely 5 and 10 mm. 

Duplicate series of 5 and 10 mm. thickness discs 
are allowed to respire in the respiration chamber, 
periodical supply of wiiter to the evaporating cells 
is maintained as mentioned before. The tempera- 
ture recorded in the thermograph varied between 
13° to 21® C. The respiration rates are presented 
in Tables X and the nitrogen analysis of the discs 
are given in Table VII and VIII. Each series is 
provided with its own control analysis. 



Total 

N 

Total 

cryst. 

N 

Protein 

N 

• Total 
amino 
X 

Amino- 

acid 

N 

Amide 

N 

, Hesidual 
N 

5 mm. thick control 
fresh wt. 25 *30 

0 -2087 

0-1407 

0*0680 

0-0736 

0-0437 

0*0399 

0 *0272 

A fresh wt. ' 25 *56, ' . 

0 *2068 

0*1287 1 

0 *0781 

0*0651 

I'' 0-0'356 

0 *0295 

0*0341 

10 mm. thick control 
,fresh wt. 25. *22 

0-2188 

0-1621 

0 *0567 

'0*0753 1 

! 

■ . I 

,0*0350 

0*0403 

0 *0465 

B ',,fresh wt., 23,*49 , ,, . j 

0-2198 

0*1583 

0*0615 

0-0737 

0 •0316 

0*041.1 

0*0425 


IV'l 


NITROGEN BIETABOLISM OP POTATO TUBERS 
Table VIII 

Percentage, of total nitrogen 


889 



Total Protein 

cryst. N 

H 

. 

Total 

amino 

' 

' 

Aniii'io- 

acid 

N 

AiniOff 

M . 

ltasidu,a,l 

N 

5 Him. thick control 

67 -42 32 *58 

35 *27 

16*15 

19*12 

13 *03 

A . . 

62-23 37-73 

31 -48 

17-22 

14-26 

16*49 

10 iiini. thick control 

74 *09 25 -Oi 

: 

34*41 

15*99 

18*42 

15-22 



1 ' 

71*97 ; 28*03 

: i 

1 33 -53 

14*36 

19 *15 

19 *29 


The olianfes in nitrogen content as noticea xiie mean respu-awuii latu ui uuo 
between 5 mid 10 mm. thickness are compared such variation in the nitrogen changes are jire- 
with those of 3 mm. thickness of Plxperiment III sented in Table X. 

(long period), which was performed unifier the same Table X 

experimental condition and the results of compari- y fn.idUQn in disc thichiess and mean respiration 

son "iiirG prcfcacntiGcl in XciDlo XJ\.. Tcitc 


Table IX 


Changes in percentage of nitrogen content from {he 
covirol values 


— 

1 

Protein 

N 1 

{ 

Amino- 

acid 

N 

Amide 

N 

llesidual 

X 

;3 mm. tliick Si), suriuct! 
8*84 ciii’t 

+20-15 

—7-50 

—4-01 

— 8 *34 

raim. tliick Bp. surface 
5*08 onA 

+ 5 ‘15 

+ 1*07 

—4-86 

+ 3-46 

10 mill, thick Bp. surface 
3*21 cm®. 

+ 2-12 

—1*61 

+ 0-73 

+ 4-07 

! 

i 


It is evident that the variation in the disc thick- 
ness between 3 and 5 mm. has resulted in a con- 
siderable difference in the nitrogen metabolism 
(Table IX). With 3 mm. there is a considerable 
increase in protein nitrogen accompanied by 
decrease in amino-acid, amide and residual 
nitrogen, while using 5 mm. thickness less 
increase in protein nitrogen with a reduction 
Of amide and an increase in residual and 
amino-acid nitrogen is obtained. A still smaller 
increase in protein nitrogen is seen with discs of 
thickness. From the data presented in 
' Table IX it is noticed that the change in the 
nitrogenous compound is more intense with 3 
ihm. thickness than with 5 mm., whose surface 
exposed to air per unit weight of tissue as refeixed 
specific surface in Table IX, is greater than that 
of 5 mm. thickness. Similarly between o and 10 
mm. thickness small increase in protein nitrogen 
is associated with a small change in the specific 
surface. 


f 


Mean 

1 

iSpecific 

respiration 

Thiclviiess of the disc in mm. | 

surface 

rate mg. 


cm.'-* 

0O2per gm. 



fresh' wt. 

3 

8*84 

0*0668 



5*08 

■0*0438 

10 

I 3*21 

0*0382 


It is noticed that tlie mean respiration ■ rates 
between 3 and 5 mm. thickness differs consider- 
ably and also the nitrogen changes are great. By 
increasing the thickness from 5 to 10 mm. the res- 
piration rate is low, the increase in protein nitro- 
gen is small. When the mean respiration rates 
are considered in relation to the surface of the 
disc exposed per unit weight of the tissue (speci- 
fic surface per gni. of tissue), it is found that the 
rates are related to the change in the specific 
surface as has been shown by Steward. 

Effect of feeding mnmoumm nitrate 

Experiment F. In view of the absorption of 
ammonium nitrate by the storage tissue and its 
possible utilization in the nitrogen metabolism of 
the discs, in this experiment the discs are supplied 
with ammonium nitrate. The experiment is started 
with six series, three are supplied with ammonium 
nitrate and three with distilled water, as in the 
previous experiment. Potatoes of the same variety 
grown in the following season are used soon after 
they are harvested. The concentration of ammo- 
nium nitrate used is 2 * 38 gm. per litre. Tempera- 
ture variation during the length of the experiment 
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is ‘froai 21° to Of the six series, two 

with water and two with ammonium nitrate are 
run for six days and the remaining two for nine 
days. Each series is provided with- its own con- 
trol analysis and in order to minimize the errors 
due to sampling the discs from the tubers are so 
selected that each individual disc in the series 
has its owui control from the adjacent region 
of the tuber. Nitrogen analyses of the six series 
are presented in Table XI as percentage of fresh 
weight and the respiration rates are entered in 
Table XV. Absorption of ammonium nitrate in 


the discs of treatment A, B and C is considerable 
and of this a greater amount is retained in the form 
of crystalloid nitrogen. It is noticed that the 
nitrogen supply to the discs has considerably in- 
creased all the nitrogen fractions with the excep- 
tion of residual nitrogen in series A and C, which 
show a reduction. The statistical analysis (Table 
XIV) shows that this difference in A and C is not 
significant against the standard error. These 
changes are presented in Table XII as the per- 
centage difference of nitrogen content from the 
respective control values. 


Table XI 

Nitrogen as percentage of fresh weight 


Treatment 

Total 

N 

' Total 
cryst. 

N 

Protein 

N 

1 Total 

amino 

N 

Amino- 

acid 

X 

Amide 

1 N 

Kesidnai 

N 

A. Control — 

Fresh wt. 16*16 gm. 

0*2430 

0*1707 

0*0723 

0*0890 

0*0518 

0*0372 

0*0445 

Ammon, nit. 6 days fresh wt. 14*23 
gm. 

0*3489 

0*2702 

0*0787 

0*1584 

0*0812 

0*0772 

0*0346 

Changes from the control . 

+0*1059 

+ 0*0995 

+0*0064 

+ 0*0694 

+0*0294 

+ 0*0400 

—0*1)099 

B* Control — 

Fresh wt. 14*30 gm. .... 

0*2552 

0*1745 

0*0807 

0*0923 

0*0474 

0*0449 

0*0373 

Ammon, nit. 6 days fresh wt. 14*19 
gm. 

0*4351 

0*3355 

0*0996 

0*1740 

0*0807 

0*0933 

0*0682 

Cimnges from the control . • 

+ 0*1799 

+ 0*1610 

+0*0189 

+0*0817 

+ 0*0333 

+ 0*0484 

+0*0309 

0* Control — 

F'resh^svt. 14*40 gm. . . • • 

0*2510 

0*1676 

0*0834 

0*0877 

0*0473 

0*0404 

0*0395 

Ammon, nit. 9 days fresh wt. 13*34 
gm. 

Changes from the control 

0*4992 

+0*2482 

0*3706 

+0*2030 

0*1286 

+0*0452 

0*1936 

+ 0*1059 

0*0542 

+0*0069 

0*1394 

+0*0990 

0*0376 

—0*0019 

2>. Control — 

Fresh wt. 14* 55 gm 

0*2521 

0*1789 

0*0732 

0*0951 

0*0574 

0*0377 

0*0461 

WaterOdaysfreshwt. 14*60 gm. 

0*2549 

0*1554 

0*0995 

0*0649 

0*0275 

0*0374 

0*0531 

33. Control^ 

Fresh wt. 15*57 gm 

0*2485 

0*1674 

0*0809 

0*0913 

0*0592 

0*0339 

0*0423 

Water 6 days fresh wt. 14 * 50 gm. 

0*2485 

0*1533 

0*0952 

0*0730 

0*0342 

0*0388 

0*0415 

F. Control- 
Fresh wt. 14 ‘92 gm. . 

0*2642 

0*1765 ; 

0*0877 

0*0930 

0*0557 

0*0373 

0*0462 

Water 6 days fresh Wt. 14*40 gm. , j 

! 0*2537 

0*1545 j 

1 0*0992 

0*0670 

[ 0*0297 

0*0373 

0*0502 



Table XII 





Difference in 

percentage of nitrogen content fro7n the control values 



Treatment 

Total 

N 

Total 1 

cryst. 

K 1 

Protein 

Amino- 

acid 

N 

Amide 

N 

EesMual 

',N 

Ammon, nitrate — 

6 days A 


+ 43*68 

1 

+58*29 

+8*85 

+ 50*76 

+ 107*53 

— 22*25 : 

6 days B-, ■ ' . , ■■ ' . 

♦ * 

+ 69*71 

+ 92*26 

+23*42 

+ 70*25 

+ 107*80 

+82*84 

Ammon, nitrate— 

9 days-C ,'■■■ , . 


+ 98*88 

+121*12 

+ 54*20 

+ 14*59 

'■■■' ' t 

+ 254*04 

-.4*81 
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The synthesis of protein as a ' result of nitrogen 
supply is noteworthy. In both A and B after 
six clays there is an increase in protein nitrogen, 
the increase is more in B which has absorbed more 
nitrogen. It is clear that feeding with ammo- 
nium nitrate has greatly increased the amino-acid 
content of the discs in A and B. The amide nitro- 
gen figures presented here show a considerable 
increase, but it should be remembered that it also 
includes the free ammonia that has been absorb- 
ed by the discs and remains unmetabolized. In 
B a very high increase in the residual nitrogen is 
noticed which is also statistically significant 
(Table XIV), and this is possibly due to nitrate 
nitrogen. A comparison between A and B (Table 
XII) shows the same percentage increase in amide 
nitrogen (which estimates free ammonia) after 
nitrogen supply, while the percentage increase 
differs in total crystalloid nitrogen, B has absorbed 
more nitrogen. This increase in B from A in 
total crystalloid nitrogen is not as free ammonia 
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as otherwise a similar increase would be expiMhod 
ill the residual nitrogen as iiit.raio iiilTogen. 
After nine days the discs (C) have absorbed still 
more nitrogen and the synthesis of protein is also 
further increased. Of tlie total nitrogen absorbed 
a considerable portion is in soluble form. The 
increase in amino-acid nitrogen is inaiiitaiucd, but 
the increase is much less as coiiipai'cd with the 
values ill A and B and tills comiected leitli, tlie 
fact that in C a considerable amount of protein 
is synthesized and „in this synthesis possibly 
the amino-acids have been utiiizud. The amide 
nitrogen iiicluding free ainmoiiia shows a very 
large increase at the end of nine days, the differ- 
ence in the residual nitrogen is however quite 
insignificant. 

The series D, E and F which received water only 
show a very striking result in the synthesis of 
protein. Nitrogen fractions of these series with 
their respective control analyses are presented in 
Table XIII as percentage of total nitrogen. 


Table XIII 


Nitrogen as 2)^rce‘ntage of total nitrogen 


— 

Total 

cryst. 

N 

Protein 

N 

Total 

amino 

N 

Amino- 

acid 

N 

ilmide 

N 

.Resi- 

dual 

N 

Control . • 

70 -96 

39 -04 

37*72 

22 *77 

14 *95 

18*32 

9 days, water D . 

60*97 

39 -03 

25 *46 

10 *77 

14 *69 

20*73 

Control .... 

67 *36 

! 32*64 

36-74 

23*10 

; 13*64 

16*99 

6 days, water E . 

61-69 1 

38*31 

29*38 

13*77 

15*61 

16*75 ■ 

Control .... 

66-81 

33-19 

35 -20 

21 *08 

;■ 14*12 

17 ’49 

6 days, water F . » • 

1 60 -90 

1 

39*10 

26-41 

1 ' 

11 *71 

14-70 

20 -43 


In the series E and F supplied with water for 
six days, there is an increase in protein nitrogen 
with a decrease in amino-acid nitrogen. The 
discs supplied with water for nine days have syn- 
thesized more protein nitrogen than those after 
six days. The amino-acid nitrogen has dimi- 
nished to a great extent while the changes in 
amide and residual nitrogen are small. From the 
results presented here it is evident that the syn- 
thesis of protein has taken place with the dis- 
appearance of amino-acid. This increase in 
protein nitrogen at the expense of amino-acids 
is also statistically singnificant, while the varia- 
tions in amide and residual nitrogen are 
not significant (Table XIV). A comparison 
between the series receiving ammonium nitrate 


and the series D, E and F supplied with water 
only show that the nitrogen absorption in the 
former has resulted in greater increase in protein 
nitrogen than in the latter. 

The data in this experioient were subjected to 
the statistical analysis and tlie standard errors for 
different nitrogen fractions were calculated from the 
six control series (Table XI) . The mean differences 
of the nitrogen content after the treatment were 
tested against the standard errors. The results 
are presented in Table XIV. (Since the residual 
nitrogen is estimated from the difference between 
the total crystalloid nitrogen and the sum of 
amino and amide nitrogen, its standard error is 
calculated from the sum of the standard errors of 
total crystalloid, amino and amide nitrogen). 
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Table XIV 

Statistical analysis 


Diflereiices froiii meym : 
A . • '• 


Mean of six eontrols 
Variance 
Standard error 


It is apparent that tlie total nitrogen and the 
total crystalloid nitrogen have increased signifi- 
cantly *as a result of aniinoniuni nitrate supply. 
The increase in protein nitrogen in all the series 
except A is highly significant. (In A the increase 
in protein nitrogen from its own control is more 
than twice the standard error). Highly signi- 
ficant variation in aniino-acids as the result of 
nitrogen supply and also in the resjnithesis of 
protein is beyond doubt. The amide nitrogen 
increase due to the supply of ammonium nitrate 
is highly significant. The differences in the residual 
nitrogen in general are not significant except in 
B where a high value is noticed possibly due to 
mitrate nitrogen as explained before. From the 
statistical analysis it is clear that the data noted 
in this experimeiit indicate a real difference in the 
nitrogen metabolism as a result of nitrogen supply 


Votnl 

X 

Total 

crysfc. 

N 

Protein 

Amino-acid 

X 

xliiiido 

X 

licsidiial 

X 

*+0*00(5(3 

* + 0*0076 

*_0*0010 

*+0-0281 

* + 0-0386 

+ 0-0077 

* + 0*1828 

* + 0*1620 

*+0*0190 

*+0-0276 

* + 0-0547 

* + 0-0250 

* + 0*2469 

* + 0*1980 

* + 0*0480 

+ 0*0011 

* + 0-1008 

—0*0047 

+ 0*0020 

*__0*0172 

*+0*0108 

*— 0*0256 

—0-0012 

+ 0-0108 

— 0*0068 

>i'__0*0l03 

*+0*0155 

*—0*0180 

+ 0-0002 

—0-0018 

0*0014 

*—0*0181 

*+0*0195 

*—0*0234 

+ 0-0013 

+ 0-0079 

0*2523 

0*1726 

0*0797 

0*0531 

0-03SG 

0-0423 

1 0* 0000505 

0*0000228 1 

0*0000354 

0*0000261 

0-0000136 


I ±0*0030 

±0*0020 1 

±0*0025 

±0*0021 

±0-0016 

j ±0-0057 


and also in the resynthesis of protein at the 
expense of amino-acids. 

The respiration rates of these six series are 
measured after long intervals and the rates are 
presented in Table XV as mg. of carbon dioxide 
per gm. fresh weight per hour. 

It is noteworthy that along with the absorption 
of ammonium nitrate in K, B and C there is an 
increase in the respiration rates. The series re- 
ceiving ammoiiium nitrate always show a higher 
respiration rate than those receiving water only* 
The rates (C and D) show minor fluctuations in 
the initial stage and then gradually fall in both 
treatments, the fall being rapid in D which 
was supplied with water only. The high 
level of respiration rate as a result of iiitrog’en 
■ supply reflects the relationship of amino-acids 
to the respiration rates of Spoehr ' and McGee ■ 


Table XV 

Besjnmiion rales — mg. of carbon dioxide per gm. fresh loeight per hour 


A ■ 

- AniTnon. 

nitrate 

B 

Aininon. 

nitrate 

B 

Watej- 

B 

Water 

c , 

Ammon. 

nitrate 

D 

Water 

Period— 







46 hours 

0-1294 

0‘1245 

0-1240 

0 *1097 

0-1472 

0*1194, 

92 hours 

. . 0-1168 

0*1372 

0*1010 

0-0944 

0*1332 

0-0991 

, 138 hours 

. . . 0-1380 

0*1400 

0-1270 

0-0990 

■ 0,-1457,: 

0-1084 

184 hours 

. 



... 

1 0 *1256 . 

j 

0 -0813 

[ 

206 hours 

, . ... . ; .. ■ ■ . . ■ 

• • 


f 

0-1214 

1 0 -0726 

Mean. ' . , . ' 

■ . ■ . V ■ . : 0-1281;- , 

0-1339 

0-1173 

1 

j 0*1010 

0-1346 

1 0 -0962 


3m 
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[1923] wiio suggested the acee’ieratirig effect of 
a-iiiino-aeids on respiration rates. Kitrogeii supply 
has increased the ' aniino-acid content and this 
possibly maintains the r(3spiration rate high. 
On this hypothesis, of Spoehr and McGee the res- 
'piratioii rate falls in B as the amino-acids dis- 
appear in the synthesis of protein. 

Table XVI shows the total amount of carbon 
dioxide produced and the increase in protein 
nitrogen over the respective controls after the end 
of the respiratioii periods. 

Table XVI 


Prodticiion of CO^ increase in protein nitrogen 


— 

Total CO. 

in mg. 
produced 
per gm. 
fresh wt. 

Increase 
in mg. of 
protein-N 
per gin. 
iresh wt. 

1 Kate of 

I increase 

1 in pro- 
tein-N per 
mg. of CO a 
respired 

Ammon, nitrate 

138 

i 



hours (C 

days 




approx.) 

A 

17*0732 

O-OOi 

0*0030 


B 

18*4730 

O'lsy 

0*0102 

Ammon, nitrate 

200 




hours (9 

days 




approx.) 

C 

28*0490 

0 - 4:52 

0*0103 

Water 200 horrs 

D 

20*3830 

0-203 

0*0133 

Water 138 hours 

,E 

10*1020 

0- 143 

0*0088 

Water 138 hours 

,F 

13*9420 

0-115 

0*0083 


Discussion 

The results presented in this investigation 
indicate a profound change in the nitrogen sub- 
stances as a result of Tiicreasecl metabolic activities 
at the cut surfaces of potato discs. The potato 
tuber contains a very iiigh percentage of soluble 
nitrogen-about 79 per cent in the tubers examined; 
of this a very considerable portion is synthesized 
into protein when the dormant cells of the tubers 
are brought to a condition facilitating gas ex- 
change, ,, , 

The increase in protein nitrogen is related to the 
oxygen supply as may be seen from the results 
of experiment I. Under aerobic condition 
protein content is increased by 22 per cent of total 
nitrogen while under anaerobic condition 3 per 
cent is formed. It is interesting, however, that 
even under these conditions there is a net gain in 
protein. Temperature appears to play an im- 
portant part in determining protein synthesis 
since in experiment II performed at constant 
temperature 26® C., there is a loss of protein under 


both conditions and greater loss in protein occurs 
under aerobic condition. In tliis case tlie protein 
nitrogen has apparently formed residual nltrogon 
whereas under anaerobic eonditioii tliere is a large 
increase in amiiio-nltrogeii. Steward, Wright 
and Berry [1932] have drawn attention to the 
effect of the thickness of disc in determining res- 
piration per gm. fresh, weight of the disc. They 
ooncliide that the active respiring zone is confined 
to the surface layer of disc, while the inner tissue 
continues to respire at a normal rate of the unin- 
jured tuber. Experime.iits on the thickness of 
disc reported above completely co,nfirin. their 
findings. 

The protein synthesi,s occurs in conjunction with 
the development of a cork meristeni and occurs 
at the surface only. It might be expected there- 
fore that either (1) the protein synthesis per disc 
is independent of the thickness of the disc or (2) 
that the thicker disc would show higher protein 
synthesis per disc. The first alternative would 
indicate that oxygen supply is the chief factor 
in protein synthesis while the second would indi- 
cate that mobilization of nitrogen from the deeper 
layers is important and therefore the thicker disc 
containing a large reservoir of nitrogen would 
also show greater synthesis. The data for change 
in nitrogen fractions as percentage of total nitro- 
gen present as related to disc thickness have been 
presented in Table XVII. It is seen that the 
percentage increase in protein is greatest in the 
tliimier disc and rapidly decreases with the thicker 
disc. Calculated on the basis per disc the increase 
in protein nitrogen is shown in Table XVII. The 
total amount of carbon dioxide production on 
the same basis are entered for comparison. 


Table XVII 

Relation of protein synthesis to disc thickness and 
respircition 


Disc thickness in mm. 

Disc 

weight 

gm. 

Increase 

in 

protein- 
N pel’ 
disc 

Total 
amount of 
COa ■ 
produced 
per disc 
per hour 

3 , ... 

2*10 ' 

0*00122 

0*1443 

5 . . . 

4*20 

0*00043 

1 0*1860 

10 . . , j 

7*83, 

0*00037 

1 0-2091 


It now appears that the absolute amount of 
protein is inversely related to the thickness of the 
disc and to carbon dioxide production. The re- 
lation of protein synthesis to disc thickness is 


t 


394 


'THE INDIAN JOtJENAL OF AOEICULTUKAL SCIENCE 


[XHI 


therefore quite different from tliat of respiration. 
Question arises as to the cause of the lower protein 
synthesis in the thicker discs. These have slightly 
larger surface and larger, reserve of nitrogen and 
therefore neither oxygen supply nor nitrogen 
reserve will aceoiiiit for the results obtained. The 
higher carbon dioxide production of the thicker 
disc is due to the fact that the internal tissues 
contribute to the carbon dioxide produced. 
Starch hydrolysis occurs at a layer extending 
beyond the meristeinatie region and it is possible 
that ill the thicker disc of sugar formed only a 
part diffuses to the meristem whereas remainder 
diffuses into the deeper layers. In the thinner 
disc therefore all sugar produced b}^ hydrolysis 
of starch is available for protein synthesis, where- 
as with thicker disc proportionately less sugar 
is available for meristem and more is lost in the 
deeper tissue. That diffusion into deeper layers 
occurs is shown by Steward’s experiments on 
bromide accumulation. The whole question re- 
quires further investigation. 

So far coildition affecting the nitrogen changes 
have been discussed and in these changes it has 
been observed that the increase in protein nitro- 
gen is accompanied by the disappearance of amino- 
acids. The values for the increase in protein 
nitrogen and the changes in amino -acid, amide 
and residual nitrogen are entered in Table XVIII. 
Table XYIIi 


Experiment Xo. 

Pi'otein 

X 

Amino- 

acid 

X 

Aanide 

X 

sidual 

X 

I. Control 

21 -OS 

16-56 

19-19 

23-98 

7 days 

+ 22-16 

—8-07 

-6-22 

—0-66 

III. Control . 

25-50 

19-35 

15-51 1 

24-13 

$ days F . 

+ 15-88 

-3-91 

-2-87 

—6-23 

6 days B . 

+ 26-15 

—8-59 

-4-61 

-8-34 

V. Control 

32-92 

22-09 

13-88 

! 17-24 

C days . . 

+ 5-79 

—9-35 

+ 1-28 

+ 1-35 

Control . . 

! 29-04 

22-77 

14-95 

18-32 

9 days . . 

+ 9-90 

'-12-00 

-0-26 

+2-41 


It is seen that the increase in protein nitrogen 
is always accompanied by the disappearance of 
amino-acids. This loss in amino-acids in the 
potato discs may be due to two reasons (1) either 
the amino-acids are resynthesized back to protein 
by condensation or (2) it is due to the oxidative 
deamination to produce ammonia which unites 
with the carbohydrates to form protein. Since 
it has been shown by the author [Sircar, 1936] 
that deamination does not depend on the con- 
centration of carbohydrates present, there is the 
possibility of deamination in the potato discs as 
a. consequence of increased metabolic activities. 
An argument against the first reason may be 
suggested, iiamely that if the loss in amino- acids 
were directly responsible for the condensation of 


amino-acids . to protein, then the greatest loss in 
amino-acids would be found in those cases where 
the greatest increase in protein nitrogen is 
attained. This is not the case. Table XVIII 
shows that in experiment V the loss in _amino- 
acids is greater than in experiments III or I, 
where more protein is synthesized. Since the loss 
in amino-acids is not equivalent to the protein 
formed , it must mean that loss has occurred the 
other way by oxidative deamination. Ifiirther, it is 
also evident that the loss of amino-acids is more in 
those cases where there is more production of 
carbon dioxide. The amount of carbon dioxide 
produced and the loss in amino-acids In the series 
receiving water in two experiments are shown in 
Table XIX, 


Table XIX 


Production of GO2 cind loss in ammo-acid 
nitroaen 



Total 

Loss in 

Loss in 


CO 2 mg. 

amino - 
acid N 
mg. 

mg. per 
mg. of 
CO 2 

Experiment III E . 

10*70 1 

0*193 

0*018 

Experiment V E & E' 

15*0673 

\ 0*255 

0*017 


A comparison between experiments III and 
V shows that in the latter an inoreased carbon 
dioxide production accompanies a greater loss in 
amino-acids than in experiment III. The in- 
creased carbon dioxide production must have 
occurred through the greater loss in amino-acids 
since the carbohydrate supply in both the cases 
is the same. Under anaerobic condition it has 
been shown that the synthesis of protein is small 
and has increased to the same extent as the 
amide has disappeared (Table II). 

It is seen that the amino-acids have not dis- 
appeared, on the contrary, there is an accumula- 
tion from proteolysis. This increase in amino - 
acids shows that there is no deamination, otiier- 
wise either the amino- acids %¥ouId have been 
lost or the ammonia set free during the process 
would be free or form amide and the level of 
amide nitrogen w'ouid have been raised further. 
Since it is found that the increase in protein nitro- 
gen is only equal in extent to the disappearance of 
amide this may mean that in absence of deamina- 
tion the synthesis of amide is inhibited and conse- 
quently protein level is not increased. Hence 
from these considerations it joay be suggested 
that the amino-acids arc not resynthesized into 
protein, the disappearance is due to the oxidative 
deamination, which sets free ammonia to form 


K 
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tlie aiiiid(% niicl from tlie amide the' protein is 
S3mthesized. 

TIk* so|)])]y of innri^anif- nif.rogen to the potato 
disc lia.s resiili'-ed in a.n aeeiimnlation of nitrogen 
(Tables XI and XTI) and metabolic activities of 
these cells as measured from the increased carboia 
dioxide production are also increased (Table XVI). 
It' Is seen that a considerable portion of absorbed 
nitrogen remains in the soluble form. The 
s 3 mtliesis of protein from the arldition of inorga- 
nic nitrogen is shown. The absorption of nitro- 
gen and the syntliesis, of protein from this added 
nitrogf‘n iiKToaserl with time. As compared 
with six rb‘iYS the protein nitrogen and the soluble 
nitrogen have both increased at the end of nine 
da^^s (Table XII, G). Since no separate estima- 
tions of nitrate nor ammonia w^ere made, 
nothing could be said from the data presented as 
to the relative absorption of anion and cation. 
In series A and C (experiment V) receiving 
ammonium nitrate, there is no increase in 

residual nitrogen which includes the presence of 
nitrate nitrogen. It means that either nitrate 
has not been absorbed or has been used up in 
metabolism. In B (Table XII) the increase in 
residual nitrogen is shown and is explained 
to be possibty due to nitrate nitrogen. From 
this it may be said that nitrate also is ab- 
sorbed in A and C, and has been metabolized. 
The course of amide metabolism in the series 
receiving ammonium nitrate is not exactly known 
as the amide figures presented here include the 
possibilities of unmetabolized ammonia. The 
amino-acids in these three series show a remark- 
ably higher value than the series not receiving 
extra nitrogen (Table XI). The increased amino- 
acids are possibly due to the accumulation of 
amino-acids derived from proteolysis. In these 
series the metabolic activities of the cells are in- 
creased as evident from the enhanced carbon di- 
oxide production (Table XVI). In response to this 
the process of synthesis would be expected to 
increase and this increase in the synthesis is noticed 
from a reference to Table XVI (B and C) 
where it has been shown that the increase in 
protein nitrogen per mg. of carbon dioxide res- 
pired is greater than the corresponding series re- 
ceiving water only. As the synthesis is increased 
the proteolysis would also be expected to have in- 
creased since these two processes occur concurrent- 
ly. The increase in amino-acids may thus be 
explained in the discs receiving added nitrogen. 

Summary 

An apparatus is designed to maintain simul- 
tancoush^ the necessary conditions for allowing 
discs of "potato tuber to respire aerobically for a 
considerable time in an atmosphere free from 
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carbon dioxide accumulation, a.nd for salt absorp- 
tion and water supply to the transpiring cells 
without interfering with a^cratiori anr] carbon 
dioxide measurement during the course of an ex- 
periment. 

Discs of potato tuber (var. King Edwa.rd VII) 
contain a high percentage ' of soluble nitrogen — 
a maximum of 79 per cent of total nitrogen in. the 
tubers examined ; of this a consideral,)le portion 
is S3uithesized to protein when the doT-ment cells 
of the tuber are exposed to a conditiioii of free gas 
exchange. The increase in protein iiitrogen is 
related to ox 3 !'gen siippl}^ and im'*reased carbon 
dioxide production. 

In the synthesis of protein the behaviour of 
nitrogen fractions, Tiamel 3 ' amino-a.eifls and 
amides, have been studied. That the disappear- 
ance of amino-acids in protein s 3 mthesis is due to 
the process of oxidative deamination to set free 
ammonia to form aniide which s 3 "Dthesizes protein 
has been suggested. 

Absorption of inorganic nitrogen and metabo- 
lism of this into protein and other soluble organic 
nitrogen have been noted in the discs. These 
changes are accompanied by increased respiration 
rate. 
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A CAISTKEII OF APPLE TPvEES IN MYSORE 


By B. B. MimDKTJB ancl K. F. Kheswalla, Imperial Agrioultural lloseareh fiistilule. New Delhi 

(Re(3oivod for pubiicatkm 011 17 Septomfier 1942) 

(With Plato XVI) 


Twigs of young n,p|ile (Pj/rus 3£aMs L.) trees 
affected hy a. canker were roceiitiy sent by the 
Diroctor of Florticuitnro, Mj^soro Htaie, for deter- 
mination of the ea-iisiil organism. The plants were 
im.j)ortc?d Australia and too canker appeared 
on them within a fortnight of receipt. The canker 
Is duo to a fungus kiiown to ]>athoiogists a.s Splum- 
rojh'ils Mahrtmi Ifcn'k. w'liiijli has been recorded 
for India liy Butler asid Bisby [IhSl], Specimens 
of cankered pear {IPfrus e.omrih'mis ]j.) twigs from 
Kuinaon, recently dopositerl Iji the Herb. Crypt. 
Irid, Orient, by Sir IT. B. Singh, Research Assistant 
Mycologist, Chaiibattia, also (loar the name 82)hae- 
ro2ms Mahmrn {Haplos2)orella)\ but without 
authorities. As there is some confusion in the 
nomenclature of the fungi belonging to .the genus 
Sphaero2)sis and causing cankers in apples and 
pears and as '8fjhaeTop}si8 Motor mn Berk, has evi- 
dently been introduced into Mysore with the ajiple 
stocks from Australia, its , record for India , b3^ 
Butler and Bisby [1931] being based on an error, 
a description of the fungi causing the canker is 
reported in this note. 

There are two distinct fungi bearing the name ■ 
Spliaeropsis Malormn, viz. 8, Malonim Berkeley 
and 8, Malonim Peck, and though tb,ese iiauies have 
been superseded by the names applied to their 
perfect (aseus) stages, they persist among patho- 
logists because of their ion.g and constant usage in 
pathological literature. The name was first appli- 
ed by Berkeley in 1836 to a fungus found by him 
in decayed apples in England and Peck used it, 
with Berkele}" as authority, for a fungus causing- a 
black ' rot of apples in New York State. The 
spores of Berkeley’s fungus were hyaline while 
those of Peck’s w^ere brown. Saccardo according- 
ly renamed Berkeley’s fungus PJioma' Malonim 
(Berk.) Sacc. and used the name Spliaeropsis 
Mahrum for the New York fungus, citing Peck as 
the authority. .This manner of changing names is ' 
ill coiitravention of the Rules of Botanical Nomen- 
clature as af present understood and this has led to 
considerable confusion. The discovery of the per- 
fect stages, of these two fungi N. E. Stevens 
[1933, 1936] and a careful examination of the type 
specimens of the re.Iated fungi, by him and, by 
Petrak and Sydow [1026] have helped a great deal 
in stabilizing the nomenclature of these fungi. 

It may bo added tliat the genus Sphaeropsis itself 
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has been partly merged into Ilaplosporella and 
partly into Boiryodl]MMMo, as a synonym. 

Both the fungi have ideiiticai stroniatic charac- 
ters but they show ooiLstant differences in tlio 
characters of the pyenosiiorces. The spores within 
the pyciiidiiim in Berkeley’s fungus are ii^ullne, 
non-septate, and relatively tliLck-wallrtd, walls 
ap-peari'ng glassy under the microscope. They 
are regular in shape a-nd aceording to N. ,E. Ste- 
vens [1933],, measure 22-33 x9-13(i, mostly 23-29 
X9*o-i0pi. When the cankered, twigs are incu- 
bated, the pycnldia burst out of the cortical pa- 
renchyma in which they are emliedded and slender 
spore tendrils are exserted. out of the ostiole, at 
which time the spores become brown or tan coloured 
a'lid 1 -septate and measure 20-27 x 10-1 6 |i, mostly 
25-27 Xl0-12|i (Stevens) (Plate XVI, fig. 3). 

As against these characters, the spores of Peck’s 
fungus are uniformly tan to brown within the 
pycnidium itself and as a rule irregular in shapes 
A small percentage may bo 1 -septate but there is 
no difference in the colour of the septate and non - 
septate spores. Stevens [1933] gives the measure- 
ment as 24-30 X 12-18|i, mostiy 25-27 ,x 12-13|i . 
(Plate XVI, fig. 4). 

It will be noted that tlie chief differences bet- 
woon the two fungi are in the shape, size, septa- 
tion and particularly the time of colouring of the 
spores. This difference in the time of eolouriiig Is 
so constant that Petrak and Sydow [1926] consider 
it the most reliable diagnostic character for dis- 
tinguishing Botryodiplodm Malonim (Berk.) Petr, 
and Sjal., the name applied by them to Berkeley’s 
fungus, from Haplosyiordlci Mali (Westand.) Petr, 
and Syd., the name giv'eii to Peck’s fungus. It 
may be further added that all these names are now 
superseded by the names applied to the aseus stage 
which according to N. B. Stevens [1933, 1936] are 
PJiysalospora mutila (Pries) N. E. Stevens and 
Physalospora obtusa (Schw.) Cooke, respectively. 

Spliaeropsis Berk., recorded by Butler 

and Bisby [1931] for India, is based on a report of 
its occurrence on a rotten apple by Mitter and 
Tandon [1929] who presumed that it came from 
Kuiii. Of the two isolations made by them, one 
formed pycnidia in culture media. These were 
dark hrown, immersed in the substratum and con- 
tained olive-brown, non-septate eonidia of uniform 
size. The culture was siibni„itted to Dr " A. , 8; 
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Horne, Inipc^rial College of Science, London, who 
is reported to have stated that it resembled 
^ Sphaempsis Malorum \ hut he was not definite 
as his own culture of the fungus was not sporing 
and an accurate comparison was not possible. 
It will be admitted that that is hardly enough evi- 
* dence to record Sphaeropsis Malorum Berk, for 
India. 

The fungus occurring on the Australian apple 
stocks ill Mysore (Plate XVI, fig. 1) is undoubtedly 
Berkeley’s fungus, for the pycnidia contained 
hyaline, large-granuled, regular-shaped spores with 
thick, glassy walls, which become tan or brown and 
1 -septate after being extruded out of the pycnidia 
(Plate XVI, fig. 3). They are slightly shorter and a 
little* broader than the European form, the hyaline 
and non-septate spores being 14 ‘4-23 *4x10 *8- 
14* 4M and 1 -septate and brown spores being 
, 16 *2-23 *4x9 *0-12 -6(1. It may be added that 
both the hyaline and the brown spores freely ger- 
minate within 24 hours if suitable conditions are 
provided and all attempts made so far to obtain the 
ascus state in culture have proved futile. Both 
Bplbaeropsis Malorum Berk, and Sphaeropsis 
Malorum Peck have been recorded for Australia 
byNoble, Hynes, McCleery and Birmingham [1934], 
the latter being designated Physalospora Oydoniae 
Arnaud, on pears and apples respectively. 

That the fungus is a new introduction from 
Australia on imported apple stocks is therefore 
more than likely. The Mysore fungus bears a 
certain resemblance to Qlutinium macrosporum 
Zeller which according to Zeller [1927] causes a 
canker of apple and pear trees in Oregon. Its 
pycnidia are covered with a white, flaky exudate 
in dry weather, giving the black pycnidia a white 
sheen. When full grown, they are almost super- 
ficial. The conidiophores are simple or slightly 
branched as against the simple conidiophores in 
Sphaeropsis Malorum. The conidia are hyaline, 
l-celled and exude at the apex, in the form of 
flinty, translucent globules and never become 2- 
ceiled or coloured. 

A specimen of ‘ Sphaeropsis Malorum ’ collected 
in the Xilgiris in 1915 is available in the Herbarium 
of the mycology section at '"Coimbatore. The 
specimen is at present without any conidia and it 
is not possible to say whether the identification is 
correct, A canker of pear trees is reported to be 
doing over 35 per cent damage in Kumaon (Plate 
XVI, fig. 2). The fungus responsible for that canker, 
specimens of which were kindly made available 
by Mr IT. B. Singh, is not Sphaeropsis Malorum 
Berk, and it does not appear to he Sphaeropsis 
Malorum Peck, for though the spores are of the 
Eaphsporella type, the fungus is intimately asso- 
ciated with its ascus stage which is not Physalospora 
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oUusa but a fungus belonging to Cucurbitariaceae 
and is perhaps a species of Otthia. All efforts that 
were made to germinate the .conidia which are 
always coloured, and the ascospores of this fungus 
have so far given negative results. 

In a few infection experiments that were con- 
ducted, it was noted that the Mysore fungus can 
cause a severe rot of apple fruit and that it is able 
to attack twigs of pear. 

We would lik e to express our thanks to Mr H. C. 
Javaraya, Director of Horticulture, Mysore State, 
for furnishing the specimens. 

Summary 

This note records the occurrence of Sphaeropsis 
Malorum BoTk. [Physalospora mutila N. E. 

Stevens] on imported apple plants in Mysore. It 
also shows that the previous records of the occur- 
rence of this fungus in India are based on error. 
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^Postscript 

Since the above was sent for publication, Mr. E. W. 
Mason of the Imperial Myeological Institute, Kew, wrote 
to say that the spores of the Mysore specimen of Spkae- 
ropsis are consistently smaller than those of the European 
species of Sphaeropsis Malorum Berk. It was considered 
desirable, therefore, to compare the Mysore fungus with a 
specimen from Australia, which became possible through 
the courtesy of Dr C. J. P. Magee, who kindly sent two 
diseased twigs collected in Australia in 1925. A compari- 
son indicates that both the Mysore and the Australian 
species are one and the same. The measurements of the 
unextrudod spores are given below : 

Type specimen, measurements by E. W. Mason : 23-28 

X 10-12(jt 

Ausfcralian specimen , authors’ measurements ;14*4- 

23*4x9‘2-14*4p 

Mvsore specimen, authors’ measurements : 14‘4-23-4x 

10-8-14-4p. 

Because of those differences in the measurements of the 
type specimen and the Mysore specimen, Mr Mason is 
certain that the latter is not Berkeley’s fungus. But 
there is little doubt that it is same as the Australian species. 
On the second twig sent by Dr Magee we have found 
peritheoia and 8 -spored asci, possibly the Physaiospmo 
stage of the fungus. [Aijt:KOrS], 





Pear twigs affected by Haplosporella 
sp. and Ottilia sp. from Kumaon (x 2) 


.pple twigs affected by Sphaeropsis Fig. 2 
Malorum Berk, from Mysore (X2) 


Pycnidium of SpJiaeropsis Malorum 
Peck after Hesler. (Note hyaline 
and brown spores which are irregular 
in shape) 


Pycnidium of SpJiaeropsis Malorum 
Berk. Hyaline 1 -celled spores 
within and brown 2-celled spores 
outride 








Graduated rod placed inside the jowar crop for 
measuring its height 


STUDIES ON THE ESTIMATION OE GROWTH AND YIELD OE 

JOWAR BY SAMPLING* 

By P. S. Sbeenivasan, B.Sc. (Ag.), Research Student, Agricultural Meteorology Section, 

Meteorological Office, Poona 

(Received for publication on 14 October 1942) 

(With Plate XYII and four text -figures) 


In the past agricultural and meteorological statis- 
tics were collected mainly for certain general 
administrative and technical purposes respectively. 
While useful for those purposes, these data have 
proved to be inadequate for a detailed examination 
li of the effect of weather on the development and 
i' yield of a crop. It is now realized that more precise 
estimations of the crop’s growth characteristics 
and yield on the one hand and measurements of the 
actual local or micro-climate of the crop on the 
other are necessary if real progress is to be made in 
agricultural meteorology. 

The simultaneous recording of the growth and 
the ‘ micro ’ or local climate of a crop naturally 
had to await the recent advances in ( 1 ) the methods 
of random sampling as applicable to the estima- 
tion of crop growth and yield and (2) the new 
science of micro- climatology or the meteorology 
of the air and soil layers very near the ground sur- 
face in which crops have their existence. 

Since 1929, under the inspiring leadership of 
Prof. R. A. Fisher the application of modern 
statistical methods to the problems of estimating 
the growth characters and yield of crops has made 
rapid strides. A number of workers, e.g. Clapham 
[1929 ; 1931], Kalamkar [1932], Yates and Zaco- 
panay [1935], Barnard [1936], Fairfield Smith 
[1938] and very recently Hudson [1939 ; 1941] have 
made numerous important contributions to the 
. subject in Great Britain. 

^ It is clear that, for a short cereal crop like wheat, 
the sampling technique developed in Britain will 
require only slight modification to suit Indian 
conditions. On the other hand, in India, we have 
to deal with many tall crops lUkepwar, sugarcane, 
etc. and for such crops a suitable sampling tech- 
nique has to be evolved. 

Since 1932, the Agricultural Meteorology Section 
has been engaged in developing suitable sampling 
technique and recording precision observations 
on important Indian crops. Kalamkar and Gadre 
[1936] recorded precision observations on wheat 
at Poona. They found (1) the plant number in 
the field at the time of harvest was only 
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about 16 per cent of the number , of seeds sown 
(2) Tillering reached the maximum value of 5*3 
shoots to each plant but before harvest this 
came down to 4. (3) About 90 per cent of the 

shoots had put forth earheads before harvest and 
the average number of ears per plant was 3*5. 
(4) The estimated yields of grain and straw were 
25 * 5 gm. and 49 * 0 gni. per metre respectively 
while the actual yields were 23 *3 gm. and 50* 5 
gm. respectively. 

Borne crop-cutting experiments on the estima- 
tion of wheat yield by sampling were conducted 
by the Agricultural Meteorology Section with the 
kind co-operation of the Deputy Director of 
Agriculture, Jubbulpore, at the Government 
Experimental Farm, Powarkheda, Central Provin- 
ces. It was found that a unit of the order of 16 
square yards appears to be suitable for sampling 
operations on wheat. It was also found that 
there is no material gain in information by samp- 
ling more than about 16 per cent of the crop and 
that the units elongated across the rows are less 
variable than those elongated along the rows. 
The data are being discussed in detail in another 
paper to be published shortly. The Agricultural 
Meteorology Section also conducted precision 
observations on rice (a short crop) at Karjat 
for the last seven years with the kind co-operation 
of Dr B. S. Kadam, Crop Botanist to the Govern- 
ment of Bombay. A paper discussing the results 
obtained is under pubHcation. The important 
findings may, however, be briefly stated here* 
The number of culms increases and attains a 
maximum value by the sixth or seventh week 
after transplantation, remains more or less constant 
for about a fortnight and then decreases due to 
some of the late-formed tillers dying out. ^ The 
period of quickest growth of the crop as indicated 
by its height is from the 8th to the 13th week 
after transplantation. The height attains its 
maximum value by the 13th week and remains 
constant thereafter. The percentage differences 
between actual and estimated yields are in general 
quite small. _ 

In the present paper we shall discuss the results 
of some preliminary sampling experiments on 
Jowar, a tall crop. 
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Precision obsertations on Jowar 

Mftifrials (rnd methods. All the observations 
were taken on tho jourtr crop grown in the Agri- 
cultural College Farm, Poona. In 1940 germina- 
tion observations irere taken in ■ Miarif jowar 
(Nilwa variet}^). Developmental observations and 
harvesting experiments %vere done wnth rahi 
jowar {variety— Bhahi Maldandi) during the clear 
seasons of 1940-41 and 1941-42. In all ex- 
periments the crop ivas studied b5r the method of 
random sampling, fresh samples being selected 
on each occasion. About 5 per cent of the. crop 
was selected for each, day’s observation. 

The ‘ sampling unit ’ consisted of twm constituent 
one-metre lengtlis along a row^ separated by an 
interval of half-a-metre. The measuring rod was 
of the form shown below^ : 

[ 1 metr <^ , [ J J 1 metre [ 

observer omit observe 


To facilitate the recording of observations, 
three inch nails at the end of each metre were 
projected horizontally to mark out individual 
metres exactlv. 

The following observations were taken on the 
plants in each metre length : 

(a) Germination. The number of seedlings visible 
above the ground. 

(b) Developemental observations : 

(i) number of plants, 

(w) number of shoots, 

(in) number of fully expanded green leaves, 
(w) height of shoots up to the base of the 
fully expanded topmost leaf, and 
(?.?) number of emerged earbeads. 

The field was suh-divided into four plots and 
20 samples (i.e. 40 metre lengths) were taken 
from each plot so that the total number of metre 
lengths for each day of observation was 160. 
The allocation of the degrees of freedom was as 
follows : 

Plots . • . . . . *3 

Between samples • . • . . 76 

Within samples (between metres) • . 80 


Total . 159 


The analysis of variance for the number of shoots 
on 23 October 1940 is given in Table I to illustrate 
the method of analysis followed. Sampling error 
of the mean was obtained by taking the square 
root of the variance ^ between samples ’ after 
dividing it by the total number of metres (160 in 
this case) under observation. 


Table I 
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Analysis of variance for 7iumber of shoots per metre 
(Observations on 23 October 1940) 


Factor 

Degrees 

of 

freedom 

Variance 

Riot 

3 

92 -5 

Between samples 

76' 

117-2 

Within samples 

CO 

o 

47-6 

Total 

159 

81 -7 


Sampling error for the mean = 


117-2 


0-855 


(c) Harvesting experiments. For the estimation 
of the yield by sampling another structure of the 
sampling unit was also tried in addition to the one 
used in developmental studies as described above. 
This second method consisted in selecting two 
parallel metre lengths one from each of two ad- 
jacent rows to constitute one sampling unit as ' 
shown below : 

One row 1 metre*) i 
* , . , , . V under observation. 

Adjacent row 1 metre j 

This method will be called the ' parallel ’ method 
for convenience. When the crop was ready for 
harvest, samples were cut, bundled into sheaflets 
and dried. The dry weights of straw and of grain 
from each ultimate unit (metre in this ease) of 
the sample were recorded and analyzed statist!- , 
cally. , 4' 

(d) In 1941-42 in addition to the above experi- ^ 
ments 110 individual plants were selected at ran- 
dom and bagged soon after setting. Height of 
plants as well as the diameter at one-fourth, 
half and three-fourths heights were measured 
when the crop appeared to be fully grown. When 
the crop was ready for harvest, the selected plants, 
were cut close to the ground and weighed indivi- 
dually. Grains were removed and the weight of 
grain recorded. 

Discussion oe growth records 

(a) Germination study m kharif jowar. The a* 
crop was sown on 6 July 1940 and germination | 
counts were taken between 10 and 22 July. : 
Table II gives the mean number of germinated | 

seeds per metre together with the sampling error i 

of the mean. ' 1 
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Tlie sanipling error of the mean = 

[variance between samples 
i/ Total number of metres 

Table II 

Mean mines of germinated seeds and sampling error 
of the mean 


(Sown oil 6 July 1940) 


Date 

Mean per 
metre 

1 Sampling 
error of the 
mean 

10 July 

1940 . 

8*700 

0*403 

11 ,, 

• • 

13*125 

0*688 

12 „ 

J J • • 

12 *963 

0*724 

13 „ 

J, . • 

14*025 

0*642 

17 „ 

»» • * 

15*719 

0*738 

18 „ 

,, * • 

14*213 

0 *548 

22 „ 

>» • • 

14*481 

0 *642 

1 Aug. 

• 

10*350 t 

0 *435 


Fig. 1 shows graphically the mean number of 
seedlings per metre length of row on each day. 



Fi0. 1. Variation of nmnher of germinated seeds 
per metre 


^slt will be seen from Fig. 1 that the maximum 
number of germinated seeds is 15*72 as compared 
to 23*7 for TOO per cent germinati^ So the 
maximum germination percentage was only 66*3 
under field conditions, the remaining 33*7 being 


accounted for by non- viability or late or unsuccess-: 
ful germination or loss due to birds and insects. 
.The first seedlings made their appearance above 
ground on the third day after sowing and the 
number of germinated seeds increased abruptly 
on the fifth clay indicating that ^ the grand period ® 
of . germination comes between the fourth and 
sixth day after sowing. The daily increase in 
the number of seedlings before and after the above 
grand period was not found to be significant 
statistically. Twenty-seven days after sowing, 
the plant nii,mber came down to 10-35 per metre,. 
It appears from Fig. 1 that 50 per cent of the maxi- 
mum germination occurred 3 days 21 hours 
after sowing. This then is the periocl for germina- 
tion according to the current convention. 

There are three stages in the germination 
of the crop, (1) a period of slow germination, 
just after sowing, lasting for two to three days, 
(2) a period of rapid germination starting from the 
end of the first period and continuing till 11 days 
after sowing and (3) a gradual fall in the seedling 
number due to dying off of some of the weaker 
seedlings from crowded spots of the field. 

The last column in Table II gives the sampling 
error as obtained by analyzing the data by the 
method indicated in Table I. 

( 6 ) Qroivth of the crop 

Rabi crop, 1940-41, Table III shows the frequency 
distribution of the number of shoots per metre. 
The maximum value for each day is given in italics. 
It is interesting to observe the ver 3 ^ wide fluctua- 
tion of shoot number per metre during the period of 
maximum tillering. At the end of this period the 
variability in the number of shoots per metre 
comes down. 

Table IV gives the mean values of different plant 
attributes as well as the shoot to plant ratio to- 
gether with sampling errors of the means. The 
variation with time of the mean values for the plant 
attributes is shown graphically in Fig. 2. 

Plants. The estimated average number of 
plants per metre assuming 100 per cent germina- 
tion is 69 while 35 days after sowing the actual 
number of plants per metre is only 7. This clearly 
shows that only 10 per cent of the total number of 
seeds sown survived as plants. The decrease in 
plant number from this date is not appreciable 
as is seen from the fact that after 80 days the mean 
number of plants per metre is 5*2. The decrease 
in plant number is accompanied by a slight fall 
in sampling error. 

Shoots. Thirtyfive days after sowing the shoot 
number was 14*77. This fell to 6*90, 80 days 
after sowing. This fall is fairly uniform with 
respect to time as seen from Fig. 2. The 
sampling error also shows a tendency to fall 
The shoot to plant ratio was 2 on 28 October 1940 
and canae down to 1*3 on 21 December 1940 
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Table III 
Rabi jowar 1940-41 

The frequency distribution of the number of shoots per metre 


— — 








Number of shoots per metre 






Mean 
No. of 
shoots 























Days 
after : 

Date 










i 









Eemarks 

SOWiBg, 


0-2 

3-5 

6-8 

9-11 

12- 

15- 

18- 

21- 

24- 

27- 

30- 

33- 

36- 

39- 

42- 

45- 

48- 

51- 

per 




14 

17 

20 

23 

26 

29 

32 

35 

38 

41 

44 

47 

50 

53 

metre 


30 

23 Get. 1940' 

5 

14 

16 

17 

27 

22 

22 

18 

5 

5 

2 

4 

2 

0 

1 

0 

0 

0 

13-53 

Maximum 

tillering 

35 

28 „ . 

10 

19 

13 

15 

33 

27 

13 

12 

8 

5 

0 

0 

3 

0 

1 

1 

0 

0 

14-17 


43 

5 Nov. „ . 

13 

17 

27 

21 

22 

17 

17 

9 

8 

4 

3 

1 

0 

0 

0 

0 

0 

1 

12-75 


53 

15 „ n * 

17 

27 

32 

28 

24 

9 

11 

6 

5 

1 

0 

0 

0 

0 

0. 

0 

! 0 

0 

9-83 


60 

22 „ » . 

12 

SS 

30 

23 

23 

16 

9 

7 1 

4 

0 

1 

0 

2 

0 

0 

0 

1 ® 

0 

10-41 


72 

1 4 Dec. „ . 

29 

26 

37 

29 

' 16 

11 

6 

3 

2 

0 

0 

0 

0 

0 

1 

0 

I 

0 

0 

8-36 


SO 

1 12 „ . 

28 

42 

38 

22 

22 

6 

0 

1 

1 

0 

0 

0 

0 

0 

0 

o| 

0 

0 

6-90 


89 

21 „ . 

25 

47 

38 1 

29 

10 

9 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 1 

0 

0 

6-77 


119 

20 Jail. 1941 

15 

19 

23 

11 

6 

3 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6-91 

From 80 




















metres. 
Crop har- 
vested 






Table IV 
Rabi crop 1940-41 
(Sown on 24 September 1940) 

The mean vakies of plant attributes and their sampling error 




Number of 
shoots 

Number of 
plants 

Number of 
leaves 

Height in cm. 

Number of ears 

Shoot 


Days 

after 

sowing 

Date 

Mean 

per 

metre 

S. E. 

Mean 

per 

metre 

S. E. 

Mean 

per 

metre 

S. E. 

Mean 

per 

metre 

S. E. 

Mean 

per 

metre 

S. E. 

to 

plant 

ratio 

Remarks 

SO 

23 Oct. 1940 

13*53 

0-855 

... 



... 

... 

... 





35 

28 1, If . 

14*17 

0-754 

6-98 

0-367 

3-66 

0-073 

17-71 

0*603 

... 


2*030 

Maximum tillering j in- 
fested with pyrilla 

43 

'5 Nov. „ . 

12-75 

0-706 

7-34 

0-384 

3-63 

0-096 

28-05 

1*145 

... 


1-733 

Growth in height has 
commenced 

53 

15 „ ,1 . 

9*83 

0-617 

... 

... 

3-94 

0-128 

45*94 

2-444 


... 



60 

22. „ . 

10-41 

0*655 

6-43 

0-349 

4-72 

0-151 

62*67 

2- 900 

... 


1-619 


72 

4 Dec, „ 

8*36 

:0-592 

5*76 

0-324 

6-39 

0-181 I 

110-58 

4-213 

1-98 

0*195 

1-451 

Ears emerging 

80 

12 „ 

6-90 

1 

0-433 

5*23 

0*275 

6-21 

1 

126-32 

4-534 

3-68 

0-263 

1-319 

Bottom leaves drying 
off 

89 

^ 21 n „» • 

6-77 ; 

0-877 

5-20 

0-265 

6-01 

0*141 

134*79 

3*713 

4*93 

0-286 

1-302 


119 

20 Jan. 1941 

6-91 

0-617 


... 

... 

... 

... 

... 

6-12 

0-529 


Crop was harvested. 
Values of two plots 
(N. W. and S. W. 
only 


B, Sampling efrof of tbe meaii 



when the crop is 89 days old. This indicates that 
the percentage of shoots dying out is greater than 
that of the plants. 

Leaf. The number of green leaves goes on in- 
creasing and attains a maximum value of 6-4 
about 72 days after sowing. There is a gradual 
fall in the leaf number later on as the lower leaves 
begin to turn yellow. The sampling error of the 
mean increases with the increase in leaf number 
and later decreases as the number of leaves falls 
down. 

Height. It is interesting to note from Fig. 2 
it that the height curve is S-shaped and the rapid 
growth in height starts soon after maximum 
tillering is reached, and practically ceases with 
ear emergence. This rapid growth occurs between 
the 8th and the 11th week from sowing. The 
maximum height attained is 134*79 cm. when the 
crop is 89 days old. The sampling error of the 
mean increases and is high during the grand pe- 
riod of growth but comes down subsequently 
when all the plants attain their maximum heights 
and the crop becomes more uniform. 

Earheads. Earheads were found to emerge 68 
days after sowing ; before harvest the mean number 
'm. of earheads per metre was 6*12. The sampling 
error of the mean increases with the increase in 
the number of earheads. It may be noted that 
the mean number of shoots and ears per metre are 
of the same order, suggesting that most of the 


shoots put forth ears. Actually nearly 88*6 
per cent of the shoots in the field did so. 

Covariance between shoots and tillers. We notic- 
ed in Table III a large variability in the number 
of shoots per metre. To find out whether there 
is any relation between the plant number (X) 
and the number of tillers (Y) (shoots minus plant 
number) per metre the covariation between them 
has been worked out. Table V gives the analysis 
of covariance of plants to tillers. 


Table V 

Analysis of covariance of plants to tillers 


Due to 

n. F. 

S. P. 
(XY) 

Covari- 

ance 

S'(X2) 

S (Y2) 

1 ■ 

i ■ " " ' ■ ■ 

S;(xy). 

:A/s(x®)S(yq 

Plots 

3 

—24*1 

—8*03 

49*1 

■ 15*5 


Between 
samples . 

76 

1557'4 

20*60 

msrs 

2166*0 

1 , ■0*8273"*' . 

Within 
samples . 

80 

790*5 

9*88 

849*0' 

1533*6 


Total 

159 

2323*8 

14*62 

2533*9 

3715*0 



D. T. = Degrees of freedom S. P. = Sum of products 

♦Significant at 1 per cent level 
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Flo. 3. Plant attributes for the rabijowar 1941-42 



It was found that the correlation is highly 
positive showing that a greater number of plants 
gives rise to a greater number of tillers. The 
capacity for tillering does not therefore seem to 
have been affected sensibly by the density of the 
population within the range of plant population 
occurring in the field. 

Rabi cropj 19 41 --42. Table VI gives the mean 
values of different plant attributes and their 
sampling errors for the crop of 1941-42. These 
values are shown graphically in Fig. 3, 

Plants. This year also the same seed rate as 
in the previous year was employed and the maxi- 
mum mean number of plants per metre was 11*36, 
40 days after sowing as compared with the pre- 
vious yearns corresponding figure of 7*34 plants 
per metre, 43 days after sowing. This definitely 
shows that the population w^as more in the rabi 
crop of the year 1941-42 and 16 *2 per cent of 
the seeds sown had survived to this date. There 
is a gradual fall in the plant numbers and before 
harvest it has come down to 5*6, a decrease of 
nearly 50 per cent. The sampling error of the 
mean number of plants steadily decreases with 
the decrease in plant number except on 4 Novem- 
ber 1941. 

Shoots. The above tendency holds good for 
shoot number also. These are in accordance with 
the previous year’s observations excepting that 


the mean values on corresponding dates are higher 
and the percentage of sampling errors calculated 
from the sampling errors are lower. The reason 
for this is that the field in which precision obser- 
vations were taken in 1941-42 was more fertile 
and homogeneous than that in the previous year.* 

The shoot to plant ratio of the 1941-42 crop 
reaches a maximum value of 2*55 as against 2*03 
in 1940-41. This is followed by a fall. The ratio 
comes down to 1*56, 55 days after sowing and 
this is kept up till harvest. Thus the better fertility 
of the field is reflected also in the larger number of 
tillers in 1941-42. 

Leaves. The mean number of leaves per shoot 
increases steadily until a maximum value of 7 94 
leaves per shoot is reached, 68 days after sowing. 
In the previous year the maximum number of 
green leaves was 6*39. This also may be due to 
the better quality of the field in 1941-42. Later 

* The weather conditions during the period of 
vegetative growth of the two rabi crops (1940-41 
and 1941-42) were critically examined. For all 
practical purposes they were found to be more 
or less similar. The field in which the second 
year’s crop was grown is more fertile, homogene- 
ous and deeper than the previous year’s field. 
The climatic conditions became dissimilar daring 
the blooming penod. This wfi^ be discussed in a 
later section; 
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Table VI 


40S 


Rabi crop 1941-42 

(Somi on 18 September 1941) 

The nimn values of plant aUribtiies mid their saMpUng error 




Xmnfoer of 

Xiimber of 

Number of 

! Hekht in cm. 

f 

i Number of ears 


i 



shoots 

plants 

leaves 






, 

Days 

after 

sow- 

Date 













Mean 

S. E. 

Mean 

S. E. 

Mean 


Mean 


Mean 


I)iant 

ratio 

Kemarks 

iBg 


per 

per 

per 

S. E. 

per 

S. E. 

per 

S. E. 




metre 


metre 


metre 


metre 


metre 




30 

17 Oct. 1941. 

23-01 

1-374 

11-22 

0-515 

3-68 

0-071 





2-00 


40 

27 „ „ . 

29-11 

1-513 

11-36 

0-554 

4-06 

0-084 

28- 2 

1*304 



2*55 

Maximum, 


- 












ing. Pyrilla 

observed in 

48 

4 Nov. „ . 

16-16 

1-371 

9-24 

0-708 

4*34 

0-llS 

40-3 

2-255 



1*75 

large numbers 
liapid growtii 














commences 

55 

11 ,, » . 

13*09 

0*943 

1 

8-44 

0-541 

5- 64 

0-123 

87*5 

3-850 

... 

i 

1*56 


68 

24 ,, „ . 

10-79 

0-815 

7*45 

0-463 

7-94 

0*193 

158-5 

5-633 

2-04 

! 0-241 ' 

j 

1*45 

■ Bar e,mergence , , ' 

79 

5 Dec. „ , 

8-51 

0-631 

5-66 

0-372 

7-07 

0-203 

103-8 

5 *987 

5-11 

0-432 

1*50 

Lower leaves 

98 

24 „ „ 

8-20 

0*558 

5*05 

0-287 

5-93 

0-173 

169-4 

4*573 

7-10 

0-787 

1*62 

drying oil 

Observations. 













I 

were taken 

only on Nor- 

129 

24 Jan. 1942. 

8*79 

0-573 

5-66 

0-317 


... 

OO 

6-520 

8-51 

^ 0-588 I 

1*55 

thern plot 

Crop harvested. 












1 

1 


Practically all 
leaves have' 












1 


dried up 


S. E. == Sampling error of the mean 


it comes down to nearly 6, 98 days after sowing. 
Tile sampling error increases wdth increase in leaf 
number and shows a fall on the last day of observa- 
tion. 

Height, The mean height of shoots was low till 
the crop was seven weeks old. Then the grand 
period of growth commenced and lasted for slight- 
ly more than two weeks. The maximum height 
attained was 182*2 cm. on the day of harvest 
as against 134*79 cm. in the previous year so that 
the figures for height also indicate that the field 
in 1941-42 was more fertile. 

The sampling error increases as the crop increases 
in height but the increase is more during the grand 
period. A comparison of the groivth in height of 
the two rabi crops reveals that in 1941-42 the grand 
period of growth commenced nearly a week earlier 
than in the previous year. 

Earheads. With the end of the grand period 
of growth, when the crop was 64 days old, ear- 
heads were observed to emerge and the number 
went on increasing till a maximum number of 8 *51 
was reached on the day of harvest. The sampling 
error increased with increase in the number of 
earheads per metre and as many as 96 • 8 per cent 
of the shoots had put forth ears before harvest 
as compared to 88*6 per cent in the previous year. 
The mean number of ears per metre was higher 
while the sampling errors were lower than in the 
previous year. 


From a comparative study of the results of 

1940- 41 and 1941-42 m&i seasons the following 
general inferences may be drawn : 

(1) The rabi jowar crop of 1941-42 produced 
more shoots, plants and ears per metre and leaves 
per shoot as well as a greater shoot to plant ratio 
and was also taller than the previous year’s crop. 

(2) The percentage sampling errors for all these^ 
characters were lower for the crop of 1941-42. 

(3) The grand period of growth was shorter andi 
earlier for rabi jowar crop of 1941-42 and was 
better defined. 

As has already been explained all these findings; 
go to confixmi the view expressed above that the^ 
soil was better and more homogeneous in the year 

1941- 42. 

From the precision study oi Mmrif jowar for a' 
season and rabi jowar for the two seasons we find! 
that the life-history of the jowar crop can be: 
divided into the following distinct phases ; 

(a) Germination, (5) tillering, (c) elongation, I 
and (d) reproduction, | 

(a) The period of germination extends over 
about 12 days as seen in the case of kharif jowar. \ 
{h) The period of tillering begins soon after ! 
germination is complete and lasts from 24 days! 
to about 40 days after sowing. 

(c) After tillering has reacfied the maximum; 
value, the crop enters the period of rapid, elonga- l 
tion, also known as ' the grand period of growth ! 


THE INDIAN JOURNAL OF AGBICULTtIKA.L SCIENCE 


During tlie period lasting from about . 45 days 
to about 70 , days after somng the crop grows in 
height very rapidly. 

(d) Vegetative g:ro'i¥t»h is almost over by the end 
of the .grand period of grovth and then begins 
the reproductive phase. This is 'marked by the 
emergence of earheads and with the conclusion 
of this period resulting in the formation of grain, 
the life-history of the crop is brought to a close. 
This period lasts from about 70 days to 125 days 
after sowing when the crop is harvested. 


Table VII 

Heights fmm sarnpUng and photography 


crop on the different days was estimated from 
the negative. Plate XVII shows a print of the 
photograph taken on 22 November 1940 and 
Table VII gives the values of height . estimated 
by sampling along with those obtained from the 
photographs. It is seen that the mean heights 
of plants as estimated photographically compare 
very satisfactorily with those estimated by 
sampling all the differences except the first being 
within the limits of the 5 per cent values of their 
sampling errors. 

Habvestihg expebiments 


Days after 
®owi,ng 

Date 

Height in cm. by 

1 Photo - 
Sampling graphy 

Differ- 
ence 
in cm. 

35 . 

28 Oot. 1940 

17-7 

20 -0 

2-3 

43 . 

S Nov. „ 

28*1 . 

30 -0 

1 ‘9 

53 , 

15 „ 

45 *9 

46 -0 

0-9 

60 . 

22 „ 

62-7 

60 -0 

2-7 

72' . 

4 Dec. „ 

110-6 

112 -0 

1 -4 

80 . 

12 „ 

125-3 

125 -0 

0-3 

89 . 

21 „ 

134 -8 

135 -0 

0-2 


Photographic estimation of height 

In the year 1940-41 an attempt was made to 
study the height of the rahi crop photogi*aphically. 
A long pole graduated into 15 cm. lengths, painted 
black and white alternatively, was placed vertically 
inside the field. From a fixed distance photographs 
of the crop with the graduated pole inside were 
taken on different days and the mean height of the 


Estimation of yield by sampling. Tables 
VIII and IX give the estimated and actual yields 
of grain and total weight of straw and grain 
together with the percentage error in estimation 
and the percentage sampling error of the mean for 
the year 1940-41 and 1941-42 respectively. It is 
interesting to see that most of the percentage 
errors in estimation are lower than the percentage 
sampling errors, indicating that because of the 
high variability of the crop in grain yields, the 
errors of estimation are not significant. Perhaps a 
higher percentage of such a highly variable crop 
should be sampled so as to get more accurate 
estimates of the total yield. Two reasons for this 
high variability in the yield are (i) the crop is a 
tall one with uneven plant population and (ii) 
the soil is rather heterogeneous. 

From Tables VIII and IX it appears that esti- 
mates of grain yields alone are not good for both 
the years as compared to the estimates of total 
weight which are highly satisfactory giving very 
low percentage of error in estimation. This, 
suggests that the setting of grain was not uniform- 
There was not much difference in the results ob- 
tained by the linear and the parallel methods. 


Table VIII 

Estimated and actual plot yields of grain and total plant weighty percentage sampling error and error 

estimation for rabi jowar, lOiOAl 


Estimated plot yields 


By linear method 


By parallel method 


Actual plot 
yields 



Grains 

Total plant 

Graias 

Total plant 

Grains 

Total 

1 

,<p 


In Ib. 

Per cent 
1. E. 

Per cent 
S. E. 

In lb. 

Per cent 

E. B. 

Per cent 

S, E. 

Per cent 
In lb. E. E. 

Per 

cent 

S. E. 

Per 

In lb. cent 
E. E. 

Per 

cent 

S. E. 

lb. 

pLiiltS 
in Ib. 

m. 

N. W. Plot 

96*51 

12*54' ■ 

13*076 

840-2 

o 

CO 

t 

11-284 

106*48 24*17 

12-902 

i 

915*5 i 5*78 

10*439 

85*75 

865*0 

Less 

S. W. Plot 

115*55 

10*63 

13*076 

830*5 1 

3*88 

11*284 

105*66 1*16 

12*902 

776*0 ■—2*94 

10-439 

104*45 

799*5 

fertile 

plot 

Total . 

212*06 

■11*40,, 

9*246 

1670*7 

0*004 

7- 979 

212*14 11*53 

9*123 

1691*5 j 0*016 

7*381 

190*20 

1664*5'* 



JC 

Per cent E. E. - Percentage error in estimation = 
per cent S. E. «* Fjrcentage sampling error 


Estimated yield—Actual yield 

= X 100 

Actual yield 
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Analysis of variance, mean weight per metre, S, E. a?id G\ F. for both the years rabi jowar 


Factors 

Degrees 

of 

freedom 

j For mbi jowar 1940-41 


For rabi jowar 1941-42 

Eemarks 

Grain wei 

ght in gm. 

Total plant weight in 
oz. 

Grain wei 

gilt in gm. 

Total plant weight in 
oz. 



Linear 

Parallel 

Linear 

Parallel 

Linear 

Parallel 

Linear 

PamUel 


Plots 

1 

2142*5 

4-05 

0*7 

138*1 

14761*4 

12949*0 

245*9 

205*5 

Plot variance, 











ratiier high for 


1 




* 

])>« 

lit 

** 

* 

1041-42 rabi 

Between samples 

38 j 

2529*4 

2219*8 

130*5 

114*8 

2256*4 

901*8 

181*7 

150*3 

jowar 

Within samples 

40 

935*9 

1015*1 

46*8 

60*4 

626*0 

541*6 : 

76*0 

91 • 1 


Total 

79 

1717*7 

1581*7 

86*5 

87*6 

1589*2 

871*9 ’ 

120*0 

122*2 


Mean and the S. 

B. of mean 

57*65 

57*67 

16-01 

16*23 

24*67 

22*19 

22*5 

21*9 




±5*62 

±5*27 

±1-28 

±1*20 

i5*31 

±3*36 


±1*37 


C. V. per cent 


87*2 

81*6 

71*37 

66*02 

192*52 

135*36 ' 

50*89 

56*09 



S. E. = The sampling error of the mean 
0. V. = The coefficient of variation per metre 
* == Significant at 5 per cent level 
** — Significant at 1 per cent level 


Table X, giving tbe analysis of variance for both 
the years, indicates that the total variance and 
sampling error by parallel method is lower than 
by linear method especially for grain weight. This 
inference is well brought out by the coefficient 
of variation. The mean values of grain and total 
plant obtained by the two methods of sampling 
are of the same order of magnitude so far as the 
totals of the two plots are concerned. These 
two methods were tried just before harvest to 
estimate the growth of the crop and the analysis 
of variance is given in Table XI. The parallel 
method is better than the linear method for all 
plant attributes except height. Neither of the 
two methods tried is quite satisfactory for estimat- 
ing the height since the correlation between the 
two ultimate units of the same sample has not been 


removed by taking the units parallel instead of in a 
line.§ This point requires further examination. 

It is to be noted that the crop of 1940-41 has 
yielded a larger amount of grain than the crop of 
1941-42 in spite of much better grovth and greater 
number of ears and also higher total weight in 
the latter year. The reason for this is to be found 
in the meteorological conditions prevailing during 
the grain-setting period. This aspect is examined 
in detail and will be discussed later. 

§A three- tilled country drill had been used in sowing so 
that the positive correlation for the parallel method also 
is perhaps understandable, as there is a higher probability 
of the two neighbouring metre lengths having been so wn 
simultaneousiy than at different times during the move- 
ment of the drill along the rows. 
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Eslimatioii from jjkmt attributes. It is believed 
that the plant attributes quantitatively measured 
should bo able to provide an estimate of the yield 
of crop. The growTli of plants like jowar with a 
straight and non-branching stem can be morpho- 
logically studied by measuring the girth and height 


of the plant as well as the leaf area. An attempt 
was made to find out how far the girth and height 
measurements made 15 days before harvest are 
correlated with the yield of straw and grain. The 
method followed has already been described under 
‘ Materials and methods.’ 


Table XI 


Aimlysis of variance by linear and parallel method on the days of harvest 


Date, 

20 January 1941 

1 24 January 1942 

Plant charactir 


Ho* of shoots 

No. of ears 

No. of shoots 

No. of plants 

‘ Height in cm. 

No. of ears 

1 Samj)!*; 
Factor | sliapc 

D. F. 

Linear 

Parallel 

Linear 

parallel 

Linear 

Parallel 

Linear 

Parallel 

Linear 

Parallel 

Linear 

Parallel 

Plots . 

1 

f>32‘5 

163* 7 

12*8 

96-8 

7*8 

37*8 

0-3 

0-8 

12,214-1 

10,351*2 

17*1 

28*4 





* 






** 




Between samples . 

S8 

30*5 

23*6 

22*5 

10*9 

26*3* 

26*3 

8*0 

4-2 

3,400*9 

2,767*4 

27*6 

20*3 

Within samples 

40 

14* S 

17* 6 

8*5 

12*6 

15*2 

26*6 

5-1 

4*7 

654*7 

817*3 

16*4 

24*3 

Total 

79 

28*0 

22*3 

15*3 

15*7 

20-6 

26*6 

6-4 

4-4' 

2,122*0 

1,876*0 

21*8 

22*4 

— - — ! 

Mean value and the S 
the mean 

E. of 

; 0*017 

7* 17db 
0-543 

6*13± 

0*529 

6'20± 

0*459 

8-79d: 

0-570 

9-29± 

0*570 

5-60± 

0-317 

5*50± 

0*299 

182* 2± 
4-61 

181*5± 

4*16 

8*51± 

0*588 

8-73± 

0*504 

Coefficient of variation . 
(per cent) 

80*0 

67*7 

77*1 

06*3 

58-4 

55*2 

50-0 

37*3 

32*0 

29*0 

61*8 

51*7 


* = Significant at 5 per cent level 
= Significant at 1 per cent level 


Totalyield (grain+straw) 

The correlation coefficients between the different 
factors are given in Table XII together with their 
standard errors. 

Table XII 


Coefficient oj correlation between height, girth, total 
plant vjeight and iveigM of grain 


! 

. Factors 

; Correlation 
coefficient 

Standard 
error of 

' 1 


V n — 2 

1 Height and girth . . ! 

2 Height and weight of plant. ' 

3 Height and weight of grain 

4 Girth and weight of plant . 

5 Girth and weight of grain . 

6 Weight of plant and weight 

of grain;,. 

+ 0*9286§ 

+ 0*8522§ 
-|-0*7728§ 
4-0*9113§ 

+ 0-8357§ 

+ 0*8236§ 

d-O-0357 

±0-060.3 

±0-0511 

±0-0396 

±0-0528 

1 ±0-0546 


§ Significant at 1 per cent level 
The normal equations treating yield as an in- 
dependent variate were solved by the method 
indicated by Snedecor [1938]. 


The jB values are 
^2/ 1 • 2 “ ""bd * 0436 
/Sy 2-1-+0-8715 

wffiere y stands for total weight of plant, 1 for 
height and 2 for girth. 

The following is the schematic representation 
of the T’s and ^’s. 


^Xotal 
weight 
of plant 



Girth 


The multiple correlation B between plant 
weight, girth and height is found to be as high as 
0*9117 and is highly significant. The value of 
the multiple correlation is of the same order as 
the correlation between girth and total weight 
(0*9113) indicating thereby that by taking 
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into consideration . the height factor we obtain 
no additional information. 

All the correlations between the four factors 
shown in Table XII are highly significant. So 
the factors are inter-related with each other to a 
great extent. 

Yield of grain. The A values for grain weight are 
^12/ *23"^ — b ' 0394-4-0 ' 1383 
^2.y-i3 = +0-5376± 0-1757 
and /? 3 y * i 3 ~ -4" O' 3673 ■4“ 0 * 1246 
where 1, 2^ 3 and g stand for height, girth, total 
weight and weight of grain respectively. 
Eegression coefficient’s t values are 0*2840, 
3*0596 and 2 • ^4,7 4:, The first 0 value is not 
significant while those for girth and total weight 
shows high significance when tested by t value. 
Of these two, gkth is more important than total 
weight. 

The value of E the multiple correlation w^orks 
out to be 0 • 8493 and is significant at 1 per cent 
level. The equation relating yield to other factors 
is as follows : 

X = — 17 * 6087—0 * 001143x1+00 * 7872x2+ 
0*0003626x3. 

where T is weight of grains in gm., Xi and Xg 
are height and girth respectively in cm. and Xg 
is the total weight in oz. 

The possible sources of error in this experiment 
are the following: 

(1) Errors in measurements, 

(2) Cutting of plants at different heights above 
the ground, 

(3) lioss of some leaves, 

(4) All the plants might not have dried to the 
same extent before weighing, 

(5) Some ears are barren and grain might have 
been lost during harvesting or threshing, and 

(6) errors in random selection. 

In spite of these possibilities, a study of the 
eorrelatioiis between yield of grain, height, girth 
and total weight has given very satisfactory 
results indicating the possibility of predicting 
the yield of grain from girth measurement made 
about a month before harvest, provided the setting 
is normal. The shrinkage in grain weight express- 
ed as a percentage of the weight of grains at harvest 
from these selected plants was found to be 20*25. 

(c) Estimation of the yield of total weight by plant 
attributes obtained from samples. The correlations 
between height, number of shoots and weight of 
shoots per sample by linear and parallel method 
of sampling were found to be the following : 

Linear Parallel 

Correlation coefficient r method method 
r,. . . . . . +0-1503 —0-1940 

r,, . . . . . +0-6000 +0-5534 

. . . . +0-6408 -1-0-3453 

where 1, 2 and 3 stands for mean height, number 
of shoots and total weight of samples respectively. 


The value of is low and not significant in 
both the cases thus suggesting that height is 
independent of the number of shoots per sample. 
Greater height as also higher number of shoots 
per sample have given rise to greater weight of 
the sample. 

The regression coefficients and multiple correla- 


tion are a 

iS follows : 

Li,riea,r 

Parallel 

0 13 -iS 


0-5153 

0-6447 

0 23*' 


0-5633 

0-3700 


. * • 

, 0-S1S6 

0-6961 


We find that both the ffictors, height and number 
of shoots contribute fairly equally to the estima- 
tion of total plant weight by linear method while 
mean height per sample appears to exert greater 
influence on the total plant weight by parallel 
method. The multiple correlation coefficient E 
is highly significant ; a better estimate of R is 
obtained by the linear method. 

Yields OF 1940-41 and 1941-42 

In spite of the much more luxuriant vegetative 
development in the year 1941-42, the yield of grain 
was poorer than in 1940-41. The reason for this 
became obvious on a closer examination of the ear- 
heads. It was found that some ear heads w^ere 
full of grains while others had no grains at all. 
In betw^een these two types there were ear 
heads with various degrees of grain setting. 
Thus the very poor yield of grain in 1941-42 was 
clearly due to the partial failure of pollination and 
fertilization. The weather conditions associated 
wdth this partial failure of grain, formation are 
briefly described below. The flowers open mostly 
between 12 midnight and 4 in the morning. So. 
evidently the iveather at night may be expected 
to play an important part in pollination and 
fertilization. The wind velocity, air temperature 
and vapour pressure at the epoch of minimum 
temperature were examined in this, connection. ^ 

Tables XIII and XIV show in sequence the per- 
centage of total ear number that were out. of leaf 
sheath bet\?een the respective dates in, each plot 
as w^eU as in both the plots, together with, the mean' 
maximum .and ' mi,mmum . temperatures, wind 
velocity and vapour pressure at ' minimum temp - 
rature epoch for the years 1940-41, and, 1941-42 
respectively. 

As we have data only for a couple of years it is 
possible to make only a qualitative comparison 
of the main features revealed by Tables XIII and 

xiv: 
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Percentage of ear erne rgence 


Particulars 

Between 

25-11-40 

and 

12-12-40 

Between 

13-12-40 

and 

2M2-40 

Between 

22-12-40 

and 

: 20-1-41 

Actual 
yield of 
grains 
in lb. 

N. W. Plot • • 

63*0 

6-5 

30-5 

85-75 

s. W. Plot . . 

60*7 

18*5 

20*8 

104-45 

Total 

62*0 

11*8 1 

26*2 

190-20 

Mean maximum temperature in . . . • 

30*1 

28*0 

27*8 


Mean minimum temperature in °C. . . . • • 

16*4 

11*9 

10*1 


Mean daily wind velocity in miles per hour 

3*1 

4*0 

1*9 


Mean vapour pressure at minimum temperature epoch 

12*8 

9*1 

7*7 


Table XIV 

Meteorological elements and percentage of ear emergence fo 

r rabi crop of 1941-1941 
1 

2 


Particulars 


Percentage of ear emergence 

_ Actual 

yield 

Between Between Between of grain, 

17-11-41 6-12-41 6-12-41 in lb. 

and and and 

5-12-41 24-12-41 24-1.42 


Remarks 


H. Plot , 
S. Plot 


Mean maximum temperature in ®C. . . . 30 

Mean minimum temperature in °C. . . • 12' 1 

Mean daily wind velocity in miles per hour . 2*3 

Mean vapour pressure at minimum temperature 8•^ 

epoch ___ . . 

It will be seen from the above tables that about 60 
per cent of the ears emerged during the first period, 
viz. 25 November 1940 to 12 December 1940 in the 
first year and 17 November 1941 to 5 December 
1941 in the second year. The maximum tem- 
peratures are more or less similar. The main 
differences lie in the minimum temperatures and 
mean wind velocity during the first period (period 
of maximum ear emergence). In the second year 
the minimum temperatures are much lower than 
those in the previous year, the difference being 
of the order of 4* 3’"C. during the critical period 
^maximum ear emergence). At the same time the 


62*00 Due to lodging on 
24-12-41 only N. 
30*25 Plot was sampled 


44*5 
36*2 
40- 1 
30*1 
13*9 
2*2 
8*3 


wind velocity is also smaller in the second year . 
It may be pointed out that a suitable temperature 
is necessary for opening of the flowers and suffieient 
agitation by wind is of great importance for effect- 
ing pollination. These conditions appear to have 
been more favourable in the first year. It is also 
significant that in the second year the air was 
much drier during the critical period than in the 
first year. 1 his might have also influenced 
adversely the viability of the pollen grains. The 
daily values of the minimum temperatures, wind 
velocity and vapour pressure during the two years 
are plotted in Fig. 4. 
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Fig. 4. Variation of minimum temperature, vapour pressure and 
wind velocity during 18 days after emergence of ears in mhijowar 


COHCLDSIOK 

Two shapes of 2 metre sample designated as 
■ linear and parallel have been tried. During the 

4 ^ course of analysis it is seen that in the parallel 

'/r ^ method the correlation between the ultimate units 
of the sample has been reduced generally, showing 
that this method is the better. For further 
improvement the following two shapes of the 
sampling unit where the ultimate units have been 
separated more widely from each other will be 
tried in the near future. 

(1) Linear method • The individual metres of 
the sample to be separated by one metre instead 
of half a metre. The sampling rod will be as 
shown below : 

I Count I Omit | Count [ 

1 metre 1 metre . 1 metre 

(2) Parallel method. Instead of taking the 
ultimate units from two adjacent rows, these 
may be taken from rows further away from each 


other. In the crop studied a 3-tined drill was used I 
for sowing. Therefore for this particular case the i 
individual metres may be so distributed that both | 
the metres are not taken from rows sown at the | 
same time. Thus the shape of the sample will be | 
as shown below : I 

f, ........ .1 metre | 

Sown to- ^ I j 

gether l • • • • > under obser- : | 

r .,..1 metre T vation ' 

Sown to- 4 I I 

gether J 

We found that the meteorological factors such as I 
wind velocity, minimum temperature and vapour 
pressure exert a profound influence on the setting | 
of the grains. In spite of good growth, the yield | 
of grain may be much reduced if during the period 
of setting the climatic factors are quite adverse. I 
The optimum values of temperature, wind velocity, | 

etc. during blooming period have to be determined | 
to throw further light on this aspect of the | 
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problem. When the data are collected for a stifSci- 
large series of years, it wi].l: be possible to 
establish crop weather relationsliips precisely. ; 
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PEOBLEMS OP SUC4ARCANE PHYSIOLOGY lY THE DECCAN 

CANAL TRACT 

V. WATER REQUIREMENT 

By R. D. Reg®, B.A., M.Sc., Ph.D, (Lond.), AJ.I.Sc., B. P. Vagholkae, L.Ag., P. V. Wagle, 
M.Ag., V. N. Aptb, B.Ag., and P. S. Kulkarbi, B.Ag. 

Sugarcane ^search Scheme*, Padegaon 

(Received for publication on 13 November 1942) 

(With Plate XWII and five text-figures) 

General fiold experimental work for a number of years 

rpj evolyed the well-known Maiijri standard method , 

^ 1 -,1 -1 (Leaflet Mo. 17 of 1929). It lias been estimated 

The Deccan Canal tract is characterized by a improvements as recommended by this 

very precarious rainfall which causes occasional ^nethod consisting of deep ploughing by gallows 
severe famines ; but due to the favourable googra- plough, planting in furrows 4 to 5 ft. apart and 
phical position of a range of mountains bordering iuterculturing has resulted in the saving of water 
on its western frontier, where rainfall is not only 33 j^ot season and 25 per cent 

excessive but assured— ranging from 100 to 200 the whole. Further attempts to determine the 
in.— Government naturally turned its atten- ^^aot water requirement of sugarcane and its 
tion to making some of this water available for periodical distribution under field conditions have 
irrigation ; and the first of a series of perennial rather inconclusive, and it was felt that a 

canals — the Mutha^ Canal — was built in 1880, thorough inve.stigation was required on the in- 
while the last — ^Nira Right Bank Canal — was fluence of the various factors operating during the 
completed in 1929. It became, however, soon Hfe-cyde of the plant in order to elucidate this 
apparent that as a result of the availability of problem which is a very important one from the 
water at his command for which he is assessed standpoint of the canal irrigation. This has been 
not by the amount used but by the area irrigated, started with the establishment of the Sugarcane 
the cultivator is apt to over-irrigate the crop. Research Scheme, Padegaon, financed jointly by 
Not only has this led to a great waste of water the Imperial Council of Agricultural Research and 
which is brought to his door at such a high cost, the Government of Bombay and the following 
hut it has in addition resulted in the damage to investigation forms the first of a series of articles in 
the soil, the more obvious of which is water- this connection, 
logging with, concomitant salt efflorescence. In 
this way during the last 40 years, about 35 per Historical 

cent of the irrigable area of the older canals has Investigations on the exact water requirement 
been made imfit for cultivation and requires re- directed to determine 

clamation. Further, Leavy^ watering ^ brings ^ in ratio between the amount of water expended 
its trail the necessity of high manuring, which ^nd the dry substance formed by the plant. The 
increaps the cost of production, and while this investigation in this line has been conducted 

tract IS well known to be one of the finest }yj Heliriegel [1883] who inferred a similarity in 

cane-producmg tracts m the world, and with an requirement in all the crops. This lias 

assured supply of water, prolific crops of thick soft) however, disproved by later workers as 

canes are m fact produced, the cost of production g^hroder [1895], Leather [1909, 1911], Briggs and 

per ton of cane is^found to be much higher than Piemeisal [1927], 

that of the ram-fed tracts of northern India. Ab, 'I'^laikov [1929] and Singh and Singh [1936] who 
however, no systematic scientific data were avail- while the crops could be divided into 

able on these problems which arose with the m^o- groups as regards their water requirement, a dis- 
duction of perennial irrigation, the Bombay De- variation among these groups could be detect- 

partment of Agriculture established a research Evenincereals,Schroder [1895] distinguish- 

station at Manjri m 1893 and after a great deal of groups, the water requirement of the first 

* This scheme is partly subsidized by the Imperial group being 2- 2 times that of the second. In 
Council of Agricultural Rerearch general, the most economical plants are those of 
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short growing period. In the case of sugarcane, 
Leather [191 1] 'has calmilated the water require- 
ment per acre to vary from 33 in, to 66 in. for^the 
miniiiiiiiii and iiiaxiiiniin production of dry weight 
production, wiiiie investigations by Singh and his 
co-workers [1935] have shown its minimum water 
requirement to be 45 in. 

Besides the peculiarities of the plant, ^environ- 
mental factors— particularly meteorological con- 
ditions, soil moisture and soil fertility are found to 
influence the efficiency of transpiration to a great 
extent. An excellent historical review of the 
infiiienca of these factors has been taken by Miller 
[1931]. Among the atmospheric factors, humidity 
is considered to be undoubtedly the most pre- 
eminent, there being great reduction in transpira- 
tion with the rise in the air humidity.^ The rate 
of transpiration increases "with the rise^ in the 
water content of the soil up to a certain limit 
which appears to be about 70 to 80 per cent of the 
soil saturation. An increase above this has got no 
effect which is traced to the deficiency in the 
oxygen-supplying power of the soil. According 
to Singh and Singh [1936] the optimum growth of 
cereals may be secured at percentages between 22 
to 40 while in vegetables the figure varies 
between 37 and 55 per cent of the water- holding 
capacity of the soil. Leather [1911] maintains 
that the concentration of water in the soil which 
is necessary for good development varies largely 
with the nature of the soil. While in Pusa soil 10 
per cent moisture is sufficient for the development 
of good plants, in the black cotton soil 25 per cent 
is too small for any thing but the most meagre 
growth. Provided, however, the water supply 
does not fall belovr a certain concentration, the 
physical nature of the soil has no influence on the 
transpiration ratio. On the other hand, the 
degree of the fertility of the soil produces a consider- 
able effect on it. It has been observed by Kiessal- 
baeh [1916] that while manuring of soil diminishes 
the intensity of transpiration, its effect is more 
strongly marked with the poor soil and only slightly 
with the fertile soil. 

Very little information of a definite nature is 
available as regards the influence of the ground 
water level on the water requirement. Balls [1919] 
states that due to the proximity of water table, the 
cotton plant in his experiments in Egypt drew on 
it for a portion of its needs which resulted in the 
high utilization of water by the crop than what 
was applied in irrigation. Israelsen [1935] con- 
siders that the drainage of the Millard country 
land has contributed to the increase in the irriga- 
tional requirement of the crops, although it is not 
as great as is generally supposed. From Ms ex- 
perience at Chakanwaii in the Punjab, Taylor 
[1935] has suggested that in the area^ AyLth a 
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water table of. about 2 ft. below the surface, 30 
per cent less water is required to mature a suger- 
cane. crop than in areas having it below 8 ft. 

Factors 

It would be seen from the above historical 
review that the important factors responsible in 
the transpirationai loss of water are the inherent 
characteristics of the plant and the changes in the 
environment. In order to determine the influence 
of inherent characteristics, two varieties with 
divergent characteristics were included in the ex- 
perimentation. POJ 2878 is an early- maturing, 
flowering variety, while Pundia is a very late- 
maturing, non-flowering one. There is also a 
great deal of variation in the underground be- 
haviour of these varieties, the former being deep- 
rooted and the latter a shallow-rooted one. The 
environmental factors consist of (1) soil, (2) ground 
water-table, (3) meteorological conditions, (4) culti- 
vation methods, and (5) manuring. The conditions 
prevailing in the experimental series are described 
below. 

(1) 8oih The soil of the Deccan Canal tract 
falls under the broad group of Begur or black cot- 
ton soil. This is further classified by Basu and 
Sirur [1938] into distinct soil types according to 
the modern genetic method based on profile 
characteristics. According to this classification, 
the soil under experimentation is denominated as 
type ' B ’ and possesses the following characteris- 
tics. 

This is a thoroughly leached soil, and also poor 
in colloid both organic and inorganic. The depth 
’ of the soil varies from 2-| in. to 6 ft. or more and is 
generally underlaid with murum substratum. The 
drainage is not bad and the moisture retentive 
power is good. The soil is rather cloddy and as a 
result cultural operations are found to be beneficial 
in the way of proper aeration and nitrification. 
Farmyard manure gives a poor response in this 
soil but phosphatic manures have given promising 
results [Rege and Sannabhadti, 1943]. It is also 
well supplied with calcium carbonate. The mois- 
ture equivalent as obtained by Briggs and McLean 
method [1910] is 43-8 per cent while its wilting 
coefficient approaches 26*1 per cent on oven-dry 
basis. Some typical analytical results are given 
in Table I. 

(2) Ground water-table. A number of permanent 
bore holes have been maintained on the farm area 
on the grid system in order to keep a record of 
fluctuations in the subsoil water level. One of 
these bores adjoins the land selected for water 
experiments and a record of weekly fluctuations in 
the water depth has been maintained throughout. 
The trend of the annual fluctuations showed that 
the ayerage depth of water during the growing 
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period of cane, was near about 9 ft. while the mini- 
iiiiim (6 to 7 ft.) 'was reached somewhere in October 
or Movember after the monsoon. Ihe soil depth 
in this experimental series varied Irom, 24 in. to 48 
in. with mfurimi isobath. The exposure of the 
root system of both dhe varieties had showm the 
maximum penetration of roots to vary between 2 
to 3 ft. according to the depth of the soil, there 
being no -penetration beyond this even in the case 
of higher depth of soil. Special experiments laid 
down to determine the capillary rise through 
murum gave negative results. It would be thus 
quite evident that in this experimental series there 
has been practically no contribution from the 
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grou'nd water-table to the water requirement of 

the crop. 

(3) Mdeorologiml conditions, well-equipped 
meteorological observatory has been set up on the 
farm where day-to-day observations are being 
maintained in order to determine tiieir influence 
on the developmental behaviour of the crop. The 
data for a few important factors are given in 
Table II for the first series of experiments describ- 
ed' in sections I and II. The climate is mainly 
sub-tropical with well-defined rainy and dry 
seasons, extreme temperatures of the year being 
between 36° and 45°F. as mliiiniiim occurring 
during the months of December and Ja'niiary and 
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Table I 


Borne analytical figures of soil type ^ B " according to its profile characteristics 


Depth 

{in.) 

CaCOa 
per cent 

pK 

Exch. 

Ca. 

m.e, 

per cent 

p fcfi s 

Exch. 

K 

m.e. 

per cent 

Exch. 

Xa 

m.e. 

per cent 

Humus , 
per cent 

Total 

X 

per cent 

Total 

per cent 

Total 
KiO 
per cent 

0-9 

9* 61 

8*79 

26*25 

10*42 

1*97 

4*08 

i 0*95 ' 

0*048 

0*042 

0*313 

9-20 

8- 87 

8*31 

30*89 

9*88 1 

2*64 

4*40 

1 0*27 

0*044 

0*113 

0*606 

20-26 

11*74 

8*41 

22*00 

13*75 

3*44 

9*79 

0*19 1 

0*039 

0*126 

0*380 

26-32 

13*87 

8*57 

30*50 

18*23 

3*76 

11*34 

: 0*31 

0*038 

0*130 

0*410 

82-3S 

10*49 

8*57 

28*78 i 

12* 30 1 

1*45 

11*54 

1 0*19 

1 . 0*036 

0*124 

0*440 

38-44 

12 **03 

8*54 

44*50 

15*09 1 

3*36 

11*28 

! 0*17 

1 

0*033 

,i 

0*138 

0*4U 


Table II 


Monthly averages of some important meteorological factors 



1933 

1934 

' 1935 

.. 

Month 

Rain - 

Temperature 

Humidity 

Rain- 

Temperature °F. 

Humidity per 


Temperature 

Humidity per 


TF. 

per cent at 



cent at 




cent at 


fall 





fall 





Rainfall 






in 





in 





ill 






inches 

Max. 

Min. 

8 a.m. 

3 p.m. 

inches 

Max. 

Min. 

8 a.m. 

3 p.m. 

inches 

Max. 

Mi.ri. 

8 am. 

3 p.m. 

January 

0*00 

88*0 

52-5 

65*8 


0*00 

84*1 

50*0 

81*1 

39*1 

0*00 

S3 *3 

51*1 

67*9 

30*6 

February . 

0-00 

94*3 

56*4 

63*6 


0*00 

97*1 

51*7 

66*8 

22*9 

0*00 

91*0 

51*7 

59*9 

14*6 

Marcii 

0*18 

100 '0 

62*4 

54-3 


0*18 

96*4 

59*2 

58*3 

19*5 

0*00 

95*3 

57*6 

43*4 

12*8 . 


(2) 





(1) 







April . 

0*00 

101*1 

69*6 

45-9 

18*0 

0*66 

(3) 

1*27 

103*2 

69*5 

57*6 

19*4 

0*00 

98*9 

66*4 

52*1 

16*0 

May . 

0*94 

97*2 

72*5 

68*8 

38*2 

102*2 

.70*8 

51*2 

16*9 

0*00 

102*6 

72*1 

48*1 

16*9 

(5) 





(2) 










June . 

2-74 

88-1 

71 '9 

77*3 

56*8 

4*57 

90*9 

71 *7 

73*0 

76*7 

2*66 

91*9 

69*7 

75*8 

47-2 


(13) 





(10) 





(10) 



July . 

2*61 

84-0 

71*4 

81*9 

67*3 

1*84 

89*2 

70-8 

85*9 

75 ‘ 0 

0*90 

84*6 

71*9 

75*8: 

57*5 

(10) 



87*1 


(16) 





(S) 

6*47 



August 

3*66 

83*0 

00*8 

78*2 

1*16 

83*4 

70*8 

83*2 

66*8 

84*2 

70*2 

■ 84*4 

„,63*9 


(11) 





(10) 





(ID 





September . 

4*69 

85*9 ' 

68*8 

85*4 

70*4 

2*70 

84*8 

68*3 

81*1 

56*6 

1*37 

i ,84'S 

67*8 

, 83*4, 

53*4 

(14) 





(6) 





(5) 

! 




October 

1 *20 

88-1 

05*8 

83*4 

44*5 

4*06 

88*4 

65*7 i 

75*7 

38*5 

6*60 

1 S7'3 

67*9 

. 82*5 

,51 "5 


(11) 





(7) 





(14) 

i 




November . 

1 '07 

86-4 

61 *3 

74*4 

34*8 

5*57 

82*1 

52*6 : 

■'82*3 

45*3 ' 

0*00 ; 

j 85*5 

53*6 

79.* 0 

30*0 


(5) 




i 

(3) 






i 



December . 

0 • 7 5 

82-6 

71 -X 

69*4 

36*6 

O' 00 

82*3 

48*9 

7 5 • 6 

40*1 

0*36 

84*6 

52*0 

77 ‘'3'' 

31*5 


(2) 










(1) 



! 


Total . 1 

17-93 




1 

21*01 





■ 1,8*36 



1 ■ ' , 



(69) 




, 'i 

(58) 



1 . 


r m 

t 






J’igiires in brackets indicate tlie niunber of rainy days? 
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bi‘tween and as maximum during 

i\|-)ril and May. Tlic gro'\^d}i^ of the plant practi- 
cally ceases wlien these conditions occur, but tiller- 
ing Is not nuicii aifected. With the onset of mon- 
soon, there is. a rapid drop in the maximum temper- 
ature which .remains ihirly constant at about 86°P. 
when the d:iiirnal range is also at its minimum 
{ 14 ®.P.)* sugarcane, this period 

coincides with the grand period of growth and 
from the standpoint of temperatures approximates 
tlif3 opti,iiiiiiii conditions. ■ It would be further 
evident from the table that while the temperature 
fluctuations from year to year are. the least during 
the growth, peiiocl, the distribution of rainfall as 
w^ell as humidity <are extremely variable. Al- 
though from tlu^ standpoint of total rainfall these 
three seasons d(3 not show wide variation, the re- 
eords of the last 14 years have shown such wide 
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fluctuation as 9 to 33 in. The average rainfall is 
about 19 in. and this is not only .not sufficient but 
is prec.arious and from the standpoint of dry farm- 
ing, the cultivation of even short-term crops as 
jowar or bajri is purely a gamble. With the intro- 
duction of canal irrigation, the importance of 
rainfall is minimized ' and crops like sugarcane are 
grown with security. It has been, however, found 
from other experimental data that in spite of con- 
trolled conditions of irrigation and manuring, 
other climatic factors — specially humidity — do 
play an important part in the plant development. 
An analysis of the data collected for six years has 
shown a correlation of growth with humidity 
which is found to be significant at 0 * 01 level for five 
years in the case of Pundia and for three years in 
the case of POJ 2878. This is also well illustrated 
in Pig. 1 where mean temperatures and humidity 
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Fig. 1. Periodical increas© in dry weight corrected with atmospheric factors — 1933-34 


are represented in relation to the increase in 
weight of two varieties calculated by the Black- 
man’s formulae. It clearly brings out the varietal 
characteristic, Pundia being more susceptible to 
changes in the humidity than POJ 2878. Some 
of the new Coimbatore varieties as Co 419, Co 360, 
Co 413 have been found to be even more indifferent 
to climatic fluctuations than POJ 2878. The 
detailed analysis of the climatic relationship will be 
dealt with in a separate paper; but it can be 
definitely said in general that the humid oppressive 
climate "precursory to rain is the ideal condition 
for growth of sugarcane and during those seasons 
such days are many, the crop yields are the best. 
It would be thus quite evident that besides its 
direct influence on the rate of transpiration, at- 
mospheric humidity would also play an important 
part in determining the efficiency of water require- 
ment of sugarcane by affecting its growth. It has 
been, however, observed that the deleterious effect 
©f its deficiency under natural conditions is modified 


to some extent by the capacity of the crop to 
create its own humidity due to periodic irrigation, 
once the crop has attained its full tillering and 
sufficient height to prevent the free movement of 
wind which attains a high velocity in this tract. 
About 4 to 12 per cent higher humidity is prevalent 
inside the crop than outside, depending upon the 
size of the block, and the higher figure has been 
found to be more common on the developed canals 
where both due to growth of trees and larger area 
under cane, the velocity of wind is controlled to a 
greater extent. The absence of great variability 
in yields and the better performance of the suscep- 
tible varieties like Pundia and E K 28 on these 
developed canals would be thus quite explicable. 
The site for these experiments was, however, 
specially selected on a new canal where the environ- 
mental conditions would be more exacting, so that 
the results on the minimum water requirement 
could be recommended with assurance to any place 
in this tract. 
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very careful investigation a,t Manjri and the me- 
thods evolved there have been followed in totoin 
these experimental series. These consist of deep 
ploughing by Gallows plough, planting in furrows 
4 ft. apart, slow irrigation, intercultiiring a few' 
times till the crop makes sufficient growth and 
earthing up when two or three internodes are 
formed on the surface. The number of setts 
required for planting were fixed as 10,000 three- 
budded setts per acre. 

(5) Manuring. Manuring of sugarcane has been 
found to be quite essential in this tract and consists 
chiefly of basal sunn green manuring or a heavy 
dose of farmyard manure if available and nitro- 
genous top- dressings of both sulphate of ammonia 
and oil cakes. lYliile the standard Manjri method 
has recommended 150 lb. N as a suitable quantity, 
doses from 300 to 400 lb. N are not uncommon. 

Outline of the scheme of work 

The problem of the water requirement in the 
case of sugarcane is complicated by the fact that 
the crop is irrigated throughout its life-cycle at 
short intervals and is further heavily manured 
with nitrogenous top-dressings and the investiga- 
tions must necessarily comprise a close study of 
the interrelationship of water and manure. A 
comprehensive programme has, therefore, been 
outlined to find out (1) the mihimum delta to raise 
a normal crop with a view to spread the available 
canal water on the maximum acreage, (2) the 
suitable combination of water and manure to 
secure the maximum yield per acre, (3) the periodic 
distribution of the total delta in order to utilize 
it to the best advantage, and (4) the variable be- 
haviour of the soil types. 

These quantitative studies are mainly carried 
out in the field and differ in this respect from the 
standard method of pot culture. The latter me- 
thod is no doubt capable of greater accuracy ; but 
for the same reason it has to be conducted under 
conditions which do not approach to the field 
practices. It is, for instance, necessary to transfer 
the soil to the pots thus disturbing the profile 


irrigation entails about OO per cent more loss by 
cvaporatloii than in the ease of sub -irrigation. In 
the case of soil moisture, \\'ide fluctuations occur- 
ring in the field during the irrigationai intervals are 
not permitted in the pot-culture series where the 
moisture is kept at a definite figure and the loss is 
made good either daily or on alternate days. It 
would be thus quite evident tliat these differences 
betw'een the pot- culture and field practices would 
diversely influence the results and it is for this 
reason that tlie metliod of pot culture is not con- 
sidered by us as quite suitable for seciiiing practical 
recommendations as regards the irrigationai quan- 
tities under field conditions. It has been, however, 
utilized, whenever fiecessary, to test the validity 
of some important findings nccrued from the field 
studies about the infiiKuiee of edaphic factors. 

Very reliable data can be obtained by field ex- 
perimentation if certain conditions are satisfied 
and the possible sources of error are avoided. One 
'obvious cause of grea.t inaccuracy in field, experi- 
ment is the loss by percolation and absorption in 
the irrigationai channels which has been found to 
vary from 22 to 40 per cent depending upon the 
distance of the field. This has been entirely pre- 
vented in these experiments by taking winter 
straight to the experimental plots through under- 
ground cement pipes and distribution tanks fitted 
with quick opening outlets (Plate XVIII) the quan- 
tity of water being accurately measured by Leeds's 
differential rotary water meters which measure 
water quantities to a minimum of 10 gallons. Due 
to the undulating topography of this tract, the 
plot size in the ratio of 1 : 10 as recommended for 
dry-farming experimentation is found to be im- 
practicable from the standpoint of uniform distri- 
bution of irrigationai water and tills is therefore 
modified to the ratio of about 1 : 1‘7, the actual 
size being 32 ft. X 54 *45 ft. with eight rows 4 ft. 
apart which equals exactly four cents in area. 
.The main experimental plot excluding the ring is 
2*5 cents or 1 guntha and contains a population 
from 600 to 1000 canes. As regards the layout, a 
statistically replicated method of pooling together 
all the treatments and varieties in a complex ex- 


characteristics, ^ which according to the modern' '^Jperiment is adopted and in order to avoid the effect 
genetic conception of soil classification give a true 'j|^of adjoining treatments an additional space of 8 ft. 
index of the soil type. The most obvious differ-]^^|between the individual plots is left. This was left 
ence is found in the root distribution specially in'|^uncropped during the first series of experiments: 
the heavier soil groups such as the black cotton,^|but as it was found to affect the growt-h of the crop 
soil. It has been observed that while in the field l2^dversely due to isolation of small plots it was 
the root-system is restricted within a depth ofmeropped throughout in later series. Each series 
about 36 in. the same soil when transferred to the|^^of experiments was conducted for three 3 ^ears in 
pots shows its very free development throughoutMlorder to ascertain the effect of seasonal fluctuation, 
the depth of the soil (48 in.). As regards the^The rotation observed was also a three years’ one, 


method of irrigation, surface irrigation is the eom-| 
moil feature in the field while sub -irrigation ls| 
essential in the pot-culture experiments. It hasp 
been estimated by Widstoe [1909] that surface^ 


|viz. sunn (for green manuring) — 'Qm.e-~-rahi jowar. 
|The area chosen for the layout of the experiment 
ihad graded depths varying from 2 ft. to 4 ft. from 
Ithe fi.rst year "block to the third year. , 
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The first series of experiiuents is outliaed to fix 
a miTiimnm and optiiiium delta for the same manu- 
rial dose while in later series the inter-relationship 
of water and manure is iiiTestigated. Special ex- 
periments were also eondueted to evaluate the 
different systems of irrigation a,nd to study the 
effect of varying intervals and wilting on the crop 
growth and it is proposed to discuss all these data 
in a series of papers. The following sections 
describe only the first series of experiments dealing 
with the totcil delta. 


Total delta : developmental studies 

This series of experiments was designed to deter- 
mine both the minimum and optimum quantity ot 
water under the same manurial dose. As under 
field conditions it is essential to conduct compara- 
tive trials with some treatments below and above 
the delta con.sidered to be the normal requirement 
of the crop, this series consisted of four water 
treatments, viz. 70, 95, 120 and 130 acre-inches 
In fixing these, the previous investigation at 
Maniri has been very useful, w'hich has suggested 
the normal requirement to lie somewhere near 100 
in per acre. The last treatment of 130 in. reflects 
the cultivator’s system. A uniform 10 days 
irrigation turn is maintained throughout the life- 
cycle of the plant after the third week from plant- 
ino'. The manurial dose is 150 lb. N in all the 
treatments distributed according to the standard 
Maniri method. The distribution consists of 50 
lb N at three weeks after planting in the form of 
sulphate of ammonia alone, 50 lb. two months 
after planting in a mixture of sulphate of ammonia 

Table III 
Germination data 


and safflower cake in equal proportions and 50 lb. 
at earthing in the form of cake alone. ^ The water 
deltas are inclusive of total rainfall and are limited 
to 12 months period, additional quantity being 
applied later to Pundia which requires about a . 
month more to attain its maturity. The raintail ^' 
wfflich is an uncontrollable factor under field con- 
ditions was divided into non-effective and effective 
depending upon whether it was received^ soon after , . 
irrigation or later on. It was found that in case the 
irrigational quantitv was sufficient to saturate the 
depth of soil, the rain which fell during the period 
of the gravitational movement of water through 
the soil depth, which took three days in this soil 
did not contribute to the soil moisture and was 
entirely ineffective. Further effectiveness of the 
rain would depend upon the loss of moisture in ^ 
transpiration. As a general procedure therefore, J 
any rain falling within the first five days after 
irrigation was added to the total delta to be receiv- 
ed by the crop, while the rain faning later on was 
deducted from the water quantity of the next 
irrigational turn, being considered as effective. 
This method has been found to be conductive to 
crop growth specially in the higher treatments 
where the application of the full irrigational dose 
after the rainfall may have resulted in the hooding 
of the whole field. The layout was a simple rando- 
mized one consisting of four water treatments and 
two varieties with six replications. 

PrESBNTATIO]^ oe data 

(1) Germination. Figures for periodical germi- 
nation are given in Table III. 



1933 1 

1934 


1935 


Variety and treatments 

3 

■weeks 

6 

weeks 

3 

weeks 

8 

w'eeks 

3 

weeks 

8 

weeks , 

— J, 

Biindia — 

70 ill. 4- 150 N .... • • 

8*32 

32*1 

6*31 

40*9 

6*62 

61*6 

95 ill. + 150 N 

8*04 

33*6 

5*03 

40*3 

6*75 

; 57*7 

120 in. + 150 N , . • , . • • • 

8*72 

32*3 

8*47 

41*0 

6*11 

58* 2' , 

130 in. -1- 150 N . .v; • 

6*79 

30*8 

6*44 

41*0 

7*06 

,58*4 

'Mean • ■ • • * * 

7*97 

32*2 

6*56 

40*8 

6*66 

59*0 

FOJ 2878— 

70 in. + 150 IST ...... 

8*33 

47*1 

1*44 

47*5 

4*77 ' 

66*7 

95 in. ■+ 150 H • 

9*09 

44*2 

3*03 

46*7 

5*94 

65*4 

; 120 in. + 150 X . • ■ • ■ . • 

7*24 

39*4 

2*51 

, 44*2 

4*60 

63*9 

130 in. + 150 X . . ‘ * 

8*41 

40*8 

3*49 

' 48*5 

5*08 

64*7 . J 

Mean . * • . ■ . 

' 8-27 

42*9 

2*62 

46*7 

5*10 

65*2 

C. D. for sigiiificaiice between varieties 

3*17 

4*36 

0*98 

, ■ ".1*29 ■ 

0*89 

2*18 

C. D. for significance between any two treatments , 

5*82 

7*92 

2*21 

2*88 

'■ ■■ '2 *'02' 

4*90 
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The number of setts per row was kept constant on both the varieties. Tim iiiniiber of canes at ha.r- 

the basis of lOjOOO three-budded setts per acre and vest and their percentages success would give an 

" the p(at(>(lical coimts of geriiiiimtion were taken in idea of the great waste" of energ\' by the plant 

all thi‘ plots leaving out only the two border rows which is higher in the ease of Pundia'than in the 

* per plot. Irrigation wa.-s similar in ali the case of POJ 2878. 

treat nifuits (luring the 'first three weeks. The first ■ In the case of the borer attack, tjie varhdal 
dose of nitrogenous top-dressing of oO lb. IST was characteristic is also proininent, POJ 2878 bc‘irig 

applied all in the form of sulphate of ammonia at definitely less susceptible to it than .Puridia. There 

. three weeks with 2 in, of irrigation after which the is also an indication of an increase in the borer 

differentiation bet ween the water treatments damage from year to year. As regards the treat - 

followed. Planting was done by mid-January ments, the advantage of higher watering in rediie- 

except during the first year when owing to the ing the infestation of borer is quite evident, the 

time taken for fitting of the irrigational pipes and data being significant against 70 in. in the case 
tanks, it was delayed by about a month. During of Pundia during all the seasons, 
the first year, the land could not also receive (3) Growth, This has been periodically nieasur- 
, timely ploughing due to heavy rainfall ed directly in the field by sueh observation as total 
^ ^ (33*3 ill.) during the previous season and the con- height, height of millabie cane, number of mature 

\ struction works mentioned above ; and as a result and immature internodes, circumference and the 
the soil had not attained the proper tilth at the number of green leaves. The methods are the 

time of planting. This has caused a very poor same as described by Eege and Wagle [1939] pre- 

germination in the case of Pundia in all the treat- viously. In order to keep the table "within limited 
ments, while in the case of POJ 2878, the dele- dimensions a few typical data are given with their 
terious effect of higher watering is visible although statistical significance in Table V for the last two 
it is not quite significant owing to high error factor, seasons as the first season was mainly utilized in 
The progressive fall in germination at six weeks standardizing these methods of observations, 
with increase in watering dose is quite illustrative. The comparison of the data for the two years 
. The low germination in all the treatments observed clearly brings out the influence of meteoroiogicai 

f during the season of 1934 is mainly due to low tern- factors (the average figures for the same for the 

I peratures which prevailed soon after planting. On respective periods are also given in this table) on 

4 other hand, temperatures during 1935 were growth and also the water requirement of the 

very favourable leading to the highest germina- plant. The beneficial influence of humidity on 

j tion during this season. The treatment effect is not, growth has already been pointed out and it is this 

however, visible during both the seasons. These climatic factor which has been low during the 

p data of three years are a good illustration of the season of 1935-36 till mid-August and has ad- 

I possible effect of soil and climate on germination versely affected the growth in spite of a good start 

as described by Rege and Wagle [1939]. They also in germination. Although climatic conditions im- 

bring out clearly that POJ 2878 has a better ger- proved later, POJ 2878 could not make up for this 

minative capacity than Pundia. initial decrease in growth due to its characteristic 

(2) Tillering and horer counts. These were of early flowering and as a result the plants re- 
taken on two random rows per plot making up a mained throughout poor in height as conipared to 

, total of 12 rows per treatment. Although monthly the previous season. On the other hand, Pundia 

r 'founts of both tillers and borer attacks are main- was helped by the high temperatures of winter 
tained till the operation of earthing up, only the months of this season which has enabled it to 

figures of the maximum population and maximum attain practically the same height as in the pre- 
borer infestation with percentage success in the vious season. 

case of the former are given in Table lY . The growth data also clearly bring out the water 

The results indicate that so far as tillering is relationship of the plant at different periods of its 
concerned there has been no significant variation life-cycle. During the early phase, i.e. till mid- 
due to treatments. It depends more on the initial August, the favourable effect of higher waterings 
number of germinated buds, the lesser this number is visible specially in POJ 2878, which is more 
the greater the tillering. In other words there is prominent during the adverse season of 1935-36. 

[ a limit to the plant population, which a specified The absence of clear indications in the case of 
j area can hold, and the function of tillering is Pundia seems to be due to the neutralizing effect 
circiimscribed by this limitation. It would be of the leaching of the nutrients by higher irrigation 
jihus evident that with a better germinative capa- which /will naturally affect more a shallow-rooted 
^ city of POJ 2878, the ratio of tillers to mother variety like this than a deep-rooted one as POJ 
plants are less than in the case of Pundia. So also 2878. This favourable effect of higher waterings 
with higher percentage of germination during the on the height is, however, transitory and is entirely 
season of 1935-36, the tillering ratio has fallen in masked by the later growth. The systematic fall 
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ill girtii.iii the case of Piiridia with increasing doses 
of irrigation is a clear evidence of the higher sus- 
ceptibility of this variety to the leaching down 
of iiiitrieiits. 

. Simultaneous periodic determinations of leaf 
area and ..carbon assimilation by Ganos’ punch 
method on the topmost fully developed leaf in the 
field have not shown any clear differentiation 
between the treatments and therefore the data 
are not presented. In the case of carbon nssimi- 
latioiij the only fact wnrth noting is the varietal 
characteristic, Pundia showing a higher rate of 
assimilation than ,POJ 2878, As would be shown 
later, this is in consonance with the figures of 
tonnages in these two varieties. The influence 
of irrigation on the root-system is already discussed 
ill a separate paper by Rege and Wagle [1941], 
It has been shown that higher watering tends to 
produce a superficial root- system and a fail in 
root weight which is more evident in the case of 
Pundia, 


(4) Flowering. Among the two varieties under 
experiment, POJ 2878 is the only flowering 
variety and the data of the periodical flowering 
ivere maintained in this variety during the later 
two years for two random rows per replicate. 
The figures for both the years showed a similar 
trend of early flowering with higher watering 
although the differences were not significant. 
The data are not therefore given. It was further 
observed that in the case of 70 in. a greater num- 
ber of canes escaped flowering which seems to be 
the reason why eventually this treatment has made 
up in growth and tonnage as these non-flowered 
canes continued to grow when the growth in 
higher waterings practically came to a standstill. 
This has, how'ever, affected its maturity. 

(5) Internodal lengths. These are illustrated in 
Pig. 2 for the season of 1935-36 only as their 
presentation for all the other years was not 
considered necessary owing to great similarity 
of figures from year to year. The only fluctuation 



Fig. 2, Interuodal lengths 

observed was in the number of internodes which waterings is clear only in POJ 2878, the average 
slightly varied from season to season. The figure length being greater in the case of higher waterings, 
clearly brings out the inlierent characteristics There are also indications of the beneficial 


of the two varieties, the internodal lengths as a 
rule being much greater in the case of POJ 2878, 
with the consequent fall in their number, than in 
Pundia. The longest internodes are, however, 
formed during the grand period of growth in 
both the varieties. Further, while in the case of 
POJ 2878 there has been hardly any formation of 
internodes after this period owing to flowering, 
the process continued in the case of Pundia even 
after this period but with the continuous fall in 
the length of the internodes with the progress in 
their number. The influence of differential 


effect of higher waterings as 120 in. and 130 in. 
in Pundia when one considers the formation of the 
longest internode. This effect seems to be, 
however, short-lived and the later-formed inter- 
nodes get shorter in these waterings than in the 
lower ones perhaps due to the leaching of nutrients- 
This is the cause of the similarity in the average 
figures in th e case of all the waterings, 

(6) Harvest ^ data. Some important data col- 
lected at the time of harvest are given in Table 
VI for individual years and also as an average 
for all the three years. During all these years 
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POJ 28*78 waB liarvasted 12 months after 
planting and Piiiidia a iiioiitli later as the latter 
was, a late-matiiriiig yariety. In the case of cane 
tonnages a deleterious effect of 130 in. is ^visible 
throiigliont the period of experimontaton in both 
the varieties and although this has not been signi- 
ficant every year, the average figures for the three 
years of experinientation have brought • it out 
clearly when the seasonal effect is excluded. As 
regard's the other treatments, fluctuations , in 
tonnages are negligible except in the treatment 
of 120 in. during the season of 1934-35 in which 
significantly low yields are obtained for Pundia. 
This is, however, traced to the lying of the majo- 
rity of plots in this treatment on the western 
border of the block where the growth was general- 
ly poor owing to the deleterious effect of the wind. 
The weight per cane also shows in general a pro- 
gressive fall ’w/th increased waterings. From 
the standpoint of brix and purity, the treatment 
of 130 in. comes out the best followed by those of 
120 in. and 95 in. while the treatment of 70 in. 
has shown a definite delay maturity. In spite 
of this higher brix and purity, the figures for either 
commercial cane sugar as calculated by Srivas- 
tava’s formulae or of 'gul (Table VII) reveal 
a definite inferioritj?^ of 130 in. There is also a 
distinct evidence of the increase in the fibre con- 
tent in the case of 130 in. for both the varieties. 

Table 


It would be thus evident that there is a pro- 
gressive rise in brix and purity with increased 
waterings which is quite distinct in the case of 
130 in. as against 70 in. while the cane tonnages 
show the reverse order in these two treatments. 
As would bo shown in section II,. this is found 
to be mainly due to leaching down of assimilable 
nitrogen and lowering of the microbiological 
activity by such heavy irrigation as given in 
130 in. clearly bringing out the necessity of higher 
nitrogenous top-dressings with such high irri- 
gation. n t 

(7) Quality of gill. Samples of gul were ana- 
lyzed during the season of 1935-36 in order to 
determine the causes of the variable colour of 
gul in the different treatments. As a rule, gul 
of POJ 2878 is darker in colour than that of 
Pundia and when judged by the colour standards 
is generally inferior to it. It is, however, harder 
and does not rapidly sweat in the humid climate. 
Some of the analytical figures are given in Table 
VII. There is a definite indication of the fall in 
glucose, ash, amide N and total nitrogen with in- 
creasing quantities of irrigation. In the case of 
mineral constituents the results are not consis- 
tent ; but in general Pundia contains less of ash 
and a greater quantity of it is in the form of silica 
than is the case with POJ 2878 . The better 
colour of gul seems to be thus related to low ash 

VII 


Data of gul analysis and its valuation 


Variety 

and 

treat me at 

Ash 

per 

cent 

A.sh 
ins(tlu- 
ble in 
BCi 
per eent 
of the 
total 

Glucose 

-per 

eent 

Amide 

N 

per cent 

Total 

K 

pci cent 

KaO 

per 

cent 

PaOii 

per 

cent 

0a,0 

per 

cent 

■ 

M«0 

per 

cent 

XaaO 

pan- 

cent 

Colo Ill- 
stand- 
ards by 
tinto- 
meter 
readings 

Gill 

tons per 
acre — • 
Average 
of 3 
years 

Coinnier- 

cial 

value — 

A verage 
of 3 years 

Profit 














Es. 

Es. 

I»undia 















70 in. 

2-67 

15- 15 

28-79 

0-0100 

0-107 

0-95 

0-046 

0-167 

0-033 

0-045 

4 

3-13 

,321-23 „ 

36-30 

95 in. 

2*25 

10-34 

28 • 79 

0-0004 

0-077 

1-18 

0-210 

0-198 

0-076 

0-173 

3 

3-24 

362-75 

59-38 

120 in. 

1-93 

9-00 

24-38 

0-0040 

0-044 

0-56 

0-225 

0-176 

0-090 

0-106 

2 

2 - 92 

326-92 

16-96 

130 lii. 

1-50 j 

4-77 

25-72 

0-0027 

0-054 

0-77 

0-207 

0-161 

0-057 

0-089 


2:-S8 . 

1 349-31 

38-36 

Mean,,, 

2-11 ^ 

9 -82 

j 

26-92 

0*0058 

0-071 j 

0-87 

0-167 

0-176 

0-064 

0-103 

.... 

i 3-04 

340-05 

37-75 

PO J 2878 



■ 












70 in.' 

■^3:* 92'; 

3-35 

23-73 

0-0194 

0-157 

1-43 

0-213 

0-229 

0-233 

Q'12T 

6 

3-36 

329-00 

'42*7 

95 in. 

3-21 

3-30 

18-51 

0-0143 i 

0-104 

1-63 

0-209 

.0-157 

0-169 

0-16S 

5 

3-37 

330-10 

32*7,: 

120 in. 

2-72 

4*63 

:S,-32. 

0-0124 

0-085 

0-59 

0-071 

0-139 

0-019 

1 0-059 

5' ' 1 

1 ', 3-62 

354-50 

39*2 

130 in. 

2*70 

4-55 

9-14 

0*0107 

0-106 

1 -68 ^ 

0-056 

0-240 

0-072 

0-113 

4 

1 3*28 

336-60 

2'6*3 

Mean j 

3-10 

3-97 

14-93 

j 0-0142 

0-113 

1 1-33 

0-137 

0-194 

0*131 

i 

0-117 


3-41 

. 1 

337-55 

: 

. 35-2 


XOTE — The inarlvot valuation of gul is as follows : 


POJ 2878 

Es. 10/8 
Es. 10/8 
Es. 10/8 
Es. 11/“ 
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content and low' amide and total nitrogen 
content. I’nrther work on the interaction of 
different constituents affecting the quality of gul 
is in progress and will be published in a separate 
paper. ■ 

The quantity of gul produced per ton of cane 
is dependent upon its brix and thus the gul per 
acre from POJ 2878 is more than that of Pundia 
although from the standpoint of tonnages Pundia 
has come out superior. So also the large fall in 
tonnages observed in the case of 130 in. is not 
similarly reflected in the gul owing to the improve- 
ment in the brix by*this treatment. The better- 
coloured gul obtained in this treatment also fetches 
about two rupees more per palla of 240 lb. as 
compared to that in 70 in. in the case of Pundia. 
The finer differences in colour in the different 
treatments as obtained by tintometer readings 
were not, however, appreciated by the market 
who did not show any graduated variation in 
valuation. In the case of POJ 2878, the valua- 
tion is practicaUy similar in all the treatments, the 
variation being two to four annas only per palla. 
Taking all these factors into consideration it 
would be seen that the treatment of 130 in. 
becomes unprofitable in the case of POJ 2878 
in case the water used for iiTigation is charged on 
volume basis ; while in the case of Pundia, this 
is not evident owing to the higher price obtained 
in this treatment. As regards other treatments, 

95 in. has shown the highest profit in the case of 
Pundia and 70 in. in the case of POJ 2878. It 
would be thus evident that low'er waterings are 
likely to be more profitable than higher ones. 

(8) Residual effect. Surgaroane is grown in 
three years’ rotation of cane, rabi jowar and 
sunn ; and the residual effect of the water treat- 
ments was determined on both the following 
crops. The yield data are given in Table VIII 
as average for the three years succeeding the three 
sugarcane crops. In the case of rabi jowar, the 
varietal effect is clearly visible, the yield after 
Pundia being significantly better than that after 
POJ 2878. There are also indications of the ad- 
verse effect of the increased quantities of w^ater. 

In the case of suini the results are conflicting, sug- 
gesting no effect of either varieties or treatments 
on its yields. Perhaps the treatment effect has 
not lasted long as there was only a single crop of 
cane, but considering the data of jowar there 
seem to be sufficient indications that the dele- 
terious effect of higher waterings such as ISO in. 
will be accentuated after a series of cane crops 
in the same land under this manurial treatment. 
This is also confirmed by the percentage varia- 
tion in the total nitrogen of the soil after harvest 
from the M nitrogen content given in 
columns 4 and 5 of Table VIIL These figures 
clearly show a progressive fall in total nitrogen 
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Table VIII 

Data to deierndne the residual effect 


• Yield of I Yield of ! I’er cent variation 
; jowar per | sunn ])ct i In total nitrogen 
j acre. acre. ; over the preliml- 
I Average Average iia.r.v nitrogen con- 
I of three ; of tliree [ 

I years — !, years — I .. _ 

! '1 if'i ! "lAor. A,-* i 


1 

! 1934 10 

1 1937 

! 2 

1035 to 
; 1938 

j 

t 

' 0--12 In. 

4 

i 12—24 lo. 

Pundia— 

^ Lb. 

LI). 



70 in. 

3057 

9430 

+ 21 *6 

+ 9-3 ■ 

95 in. 

2562 

8992 

•-1-6 -6 

+ 3*5 

120 in. 

2900 

12092 

+ 7-0 

+ 3-6 

130 in. 

2520 

10045 

—6-6 

— 12-5 

POJ 2878— 

2700 

10140 

, 7-05 

1*0 

70 in. 

2075 

11300 

' +8*7 j 

—6-1 

95 in. 

' 2650 

8680 

.+ 16*3 

—6*6 

120 in, . . i 

2557 

i 10745 1 

+ 2-3 

—5*1 

130 m. . . 1 

2500 

9000 

+ 3-5 } 

—5-1 

Mean . . | 

C. r>. for significance 
between varieties 

2596 

9031 1 

7 '7 ■! 

5*7 

140 

817 j 

1 


C. I). for significance 
between any two 
treatments 

280 

1G35 1 

, 1 

1 



with increased 

quantities of 

water 

ill the 


case of both the varieties. Further, POJ 2878 


seems to be more exhausting of nitrogen 
than Pundia and the yield of jowar has definitely 
supported this as shown above. It would be thus 
evident that in the case of 150 lb. ISF as top-dres- 
sing, the treatment of 130 in. not only gives low 
cane tonnages during the season of its application 
but it farther reduces the nitrogen content of the 
soil which adversely affects the yields of the 
succeeding crop of jowar. 

II. Total Delta : movement of ieeigational 

WATEE AND NITEATES IN EELATION TO FLANT 
GROWTH 

Investigations in developmental phases of the 
cane plant described in section I have given 
sufficient evidence of the deleterious effect of 130 
in. during later stages of the growth phase, which 
is also well reflected in the final cane tonnages. 
In the case of other treatments as 70 in., 95 in, 
and 120 in. not much variation in cane tonnages 
is observed. Although there had been ' some 
adverse effect on, growth in 70 in, during the early, 
growth phase, it was obliterated by the later 
growth and eventually the cane tonnages were 
practically similar in all the three treatments. 
Thus if one is to go by these investigations only, 
one can definitely conclude that from the stand- 
point of the performance of the various plant 
phases leading to cane tonnages, the treatment 
of 70 in. is as good as the other two and therefore 
higher irrigation than what is given in this treat- 
ment should not be necessary under field conditions 
for the various developmental phases leading to 
cane tonnages. Studies in the movement of 
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irrigatiojuil uaier in all tliese treatments have, 
however, revealerl a different trend and this is 
deseritiod in the following pages. 

AIethods 

Soil moisture was' determined by drying' .a 
quantity of soi! sample in an air oven at 11(UC. 
111! a eoiislanl weight was obtained. AvS planting 
was done by ridge and furrow method at a dis- 
tances of 4 ft* between fuiTows, soil samples 
were colleetcal in the portion of the balk just mid- 
way bi‘ tween the level of the irrigational water 
mark and the bottom of the furrow. In order 
to fix the spots at start in the plot, a string was 
laid diagonally and the s|)ots were marked on 
alternate balks where the string touched the balk. 
Four su(*}] spots were selected in each plot and the 
soil samples obtained from them were filled in 
one bottle aaid taken to the laboratory for mois- 
ture dettoniiiations. Immediately after taking 
tlie sample, this spot w'as marked with a peg and 
the next sample was taken just opposite to this. 
The succeeding periodic samples were taken at 
one-foot distances from the previous spots in the 
longer line of the furro ws till the ring portion of the 
plot is reached, when similar procedure is followed 
again. 

Soil samples were coiiected a day before and 
three days after every irrigation throughout the 
life-cycle of the crop. Daily determinations of 
soil moisture during a few irrigational intervals at 
start had shown that three days were necessary 
in this soil for rapid gravitational movements of 


irrigational water . applied and the figure of per^ 
centage moisture obtained after three days closely 
corresponded with the one obtained in the labors “ 

■ tory by the centrifuge method of Briggs and Mc- 
Lean [1910]. Samples for moisture were collected 
at onedbot depths up to murum. The number of 
samples thus varied from year to year depending 
upon the depth of the soil which fluctuated from 
24 in. to 48 in. The block under experimentation 
during the first year had a minimuni depth while 
one under the third year’s experimentation the 
maximum one. Two plots were selected for each 
treatment separately per variety and four spots 
per plot were sampled at each time to get^ an 
average sample, thus getting duplicate readings 
per variety. 

Care was taken to determine whether there 
could be any contribution from murum sub -stra- 
tum to the water requirement of the plant by 
capillary rise. As sampling in murum by an 
augur was not feasible, these studies were carried 
out in a very shallow soil having a soil depth of 
about 6 in. and samples were collected of both soil 
and murum by digging a pit up to 3 ft. depth. 
Certain portion of this area was planted with sugar- 
cane while the other was left fallow. When the 
plants were about six months old, soil samples 
were collected at four spots firstly at two days 
after irrigation in both the cropped and uiicropped 
portions, as the soil was light, and next after 37 
days when the plants showed signs of wilting. 
No irrigation was given during this period. The 
results are given in Table IX. 


Table IX 

Capillary rise through murum 
(Per cent on oven-dry basis, average of four deteiininatioua) 


' 1 , 

' 

Depth 

Cropped 

llnoropped 

Moisture 
per cent 

2 days after 
irrigation 
(30-3-35) 

3 

Moisture 
per cent 
at wilting — 
37 days 
after 
irrigation 

4 

Eall in 
moisture 
(Difference 
of Cols. 

3 & 4) 

5 

Moisture 
per cent 

2 days after 
irrigation 
(30-3-35) 

6 

1 

Moisture 
per cent 
at wilting — 
37 days 
after 
irrigation 

7 

Fall in 
moisture 
(DifTereiice 
of Cols. 
6&7) 

8 

Soil '' 

0— -S ill. 

35*3 

11‘0 

24*3 

36*8 

14*7 

22*1 


' 3^6 in. ' 

33*1 

15-0 

18*1 

32*5 

19*8 

12*7 

Miirum ■ ' . " ■ . 

l„ ' ■ ' 6—12 ill. 

19*0 

16*1 

3*8 

20*3 

18«4 

1*9 

s » 

12— IS in. ■ 

17*6 

15*4 

2*2 

14*8 

17*3 

+2*5 

■'l» ' . 

. ; 18—24 in. 

16*4 

14*8 

1*6 

14*2 

14*2 ; 

0*0 


24 — 30 in. 

15*6 

14*3 

1-3 

14*4 

14*4 

0*0 


30—36 in. 

13*9 

^ 14*8 

+ 0*9 

11*5 

12*4 

+ 0*9 


it would be evident from the data of the un- seems to be due more to the downward movement 
cropped portion that there is practically no capil- of water than to its upward movement as could 
lary rise through throughout t period, be seen from the rise in the moisture content in 

The fah obtained from the first depth of murum the immediately next lower depth. In the cropped 
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portioE, on. the other hand, there is a definite 
fall in the moisture content in the rtiurmn layers. 
This is found to be dne to the actual uptake of 
moisture by roots which permeate the soft nmmm 
and in the case of hard rminm. through the cracks 
in it. Ill the experimental plots, however, where 
the soil depth was 2 ft. and more, root studies 
have shown no such penetration of roots in the 
munmi siib-stratuiii and as there is no capillary 
rise tliroiigh munmii the field-moisture studies can 
be take.ii as a reliable index of the water require- 
ment of the crop for both transpiration and 'eva- 
poration. 

Mtrates were determined by the phenol-di- 
siilphonic acid method. For this purpose, soil 
samples collected before irrigation for moisture 
determinations were used only at monthly inter- 
vals. In addition, samples were collected from 
the first foot only from the top of the balk at a 
few periods before earthing up during the latter 
t'wo years. 


PrESB'NTATION of the data 

(a) Soil moisture. As the trend in the lluctua- 
tions ill the soil moisture has b.vm pradiiimily 
similar throughout tht^ three years, the data for 
one year only are il lintraterl. The in jis ture con- 
tent before each irrigation is graphi(*ally re- 
presented in F.ig. 3. Further, t.he figures of 
moisture content before and after each irrigation 
ware separatel}^ averaged for the different plant 
phases and are given, in Table X. The figures for 
the germination phase which extends for six weeks 
have been excluded as the , mo.isture content i.ii 
this phase has remained practically above 40 per 
cent approximating the moisture equivalent, of 
the soil type. Besides, durin.g the first three 
weeks of the germination phase, the irrigational 
dose was common to all the treatments, after 
which the differentiation according to t.he treat- 
ments was followed. 


Table X 

Soil'-moiMure percentage 19 35 -36 





70 in. 



95 in. 



120 in. 



130 in. 


stage 

1 


0-12 in. 

2 

12-24 in 

24-36 in 

4 

0-12 in, 

r, 

I 

12-24 in 

6 

1 

24-36 in 

7 

0-12 In. 

8 

1 

il2-24 in 
9 

24-36 in. 

10 

0-12 in. 

11 

i 

: 12-24 in. 

: 12 ■■ 

24-36 in. 

13 

Formative . . 

fi 

40-1 

.38-6 

40-2 

i 

I 42*3 

41*0 

41*3 

43*5 

42*5 

42*7 

44*6 

i 43*6 

42*5 


u 

38 -f) 

36-2 

37*6 

38*2 

.36*2 

38*4 

38*4 

37*1 

38-1 

39-0 

40*4 

i 38*8 

1 

Orand period (before ^ 


38*4 

35*8 

36-3 

‘40-8 

39-0 

39*2 

42*5 

39*4 

40-3 

41*6 

41*5 

40-9 

earthing np) 

u 

3M 

31-0 

1 31.(3 

36 • 1 

I 35-8 

35 • 1 

: 36*2 

35 -.5 

1 35 -S ! 

36*9 

: 36*6 

36*8 

Grand period (after \ 


39*5 

38*2 

38. 1 ! 

40-4 

41*2 

41*0 

43*6 

41*9 

i 42*9 

41*9 i 

41-9 

40*0 

earthing up) i 

u 

35'* 7 

35-8 

1 3r» . 1 

37-7 

37*9 

40*0 

33*2 

37 * 5 

37*8 

37*4 j 

37-4 

38-2 

Flowering . . i 


43*3 

i 

40'2 

i 

39-9 

44-4 

40 -S 

40*5 

45*6 

41*9 

42 * 2 

•4.3*4 

1 41-5 

40 -S 

1 


38-9 ' 

1 39'1 

38-3 

39-7 

' 38*5 

40*7 

43*1 

39 * 6 

40*9 

40*3 

40*3 

41*1 

Maturity . . \ 

'1 

43 -1 

41*6 

40-1 

44*5 

44*9 

43*8 

47*8 

44*8 

43*6 

1 

43-8 

43*0 

1 

2 

39-9 

41-2 

40-8 

42-4 

41*9 

41*1 

44*6 

43-6 

41*4 j 

43*8 

43-3 ■ 


XoTJE — Stage 1 — 3 days after krigatioii 
Stage 2 — 1 day before irrigation 


It would be evident from Fig. 3 that in general 
there is a greater loss of soil moisture during the 
growth, phase leading to the lowering of the mois- 
ture content within the irrigational interval of 10 
days, and it is only the actual rainfall which has 
raised it on occasions. Within this period the 
months of May and June seem to be the months of 
lowest moisture content or highest water require- 
ment. WTth the approach of early monsoon condi- 
tions the plant starts rapid growth and consequently 


there is an increased demand .Tor water , until 
changed climatic conditions, e.g. considerable i.n- 
crease in humidity and decreas.e in maximum tem- 
perature are established wit,h the actual break of 
rains. This early monsoon period is in fact .critical 
in the life of the plant and it is at this. time that, 
the moisture content of the soil falls greatly, which 
in the case of 70 in. has even approached the wilting: 
coefficient of th.e so.il on some, occasions. . Further,' 
;as: could be seen from : Table X, the irrigational 
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dose in this treatment is not even ■■ sufficient to maintained tliroiigliout the life-cycle of the crop, 
bring the moisture content to the moisture equiva- In this case a^level of 40 per cent moisture gave 
lent of the soil and thus the availabilit 3 ^ of water 61 per cent higher yields over a^ievel or 30 per 
remains low throughout the growth phase except cent moisture which was highly signincant, while 
when this i,rrigatic>nal dose is supplemented by keeping the moisture content at the moisture 
h'gh, rainfall as is apparent from the portion of the equivalent has revealed a deieterioiis eiieot, t^re 
curve ,{Fig. 3) from September onwards. This low being actually a fall in yield by 10 per cent. The 
moisture content has, in fact, adversely affected maintenance of soil moisture at about 40 per cent 
the g owfch phase (Section I). This is further con- level would be thus conducive to optimum growth 
firmed by pot culture with different moisture levels of the crop. 



Ficf. 3. Periodical moisture studies before irrigation — depth 0-36 in. — 1035-36 


This insufficiency of irrigational dose in the case 
of 70 in. is further well illustrated in Fig. 4 
in which the dose given per irrigation and the actual 
quantity of water utilized during a period of 10 
days as average of the different phases are re- 
presented by pillars. During all the first three 
phases the irrigational dose has fallen short of 
the water requirement in this treatment which 
is more evident during the growth phase. No 
doubt, as the total delta is inclusive of rainfall, 
the irrigational dose had to be kept slightly less 
than what would have been the case if all the total 
delta could have been given in irrigation. Under 
field condition the latter alternative would not be 
possible as some allowance must be made for the 
ineffective rainfalL It would be further seen that 
the total water utilized boF^ in transpiration and 
evaporation in this treatment has come to 67 in. 
as average of three seasons which is practically 
the same as the treatment. When one considers 
that there is a possibility of the adverse effect on 
growth during the early growth phase in this 
treatment and at the same time there is practically 
no margin for any meffective rainfall the risk in 
recommending this treatment is obvious. 


In the case of the other three treatments, the 
movement of soil moisture before irrigation ^ is 
practically similar (Fig. 3), the curves showing 
mostly higher levels of moisture throughout the 
life-cycle of the plant than in the treatment of 
70’ in. The moisture content after irrigation 
(Table X) remains practically the same as it de- 
pends upon the moisture equivalent of the soil 
and as such in the treatments of 120 in. and 130 
in. the irrigational dose is generally excessive of 
the water-holding capacity of the soil. This 
would be further quite clear from Fig. 4. In the 
case of 95 in., the irrigational dose practically 
equals the quantity of water utilized in evo-trans- 
piration throughout the formative and growth 
phase. It is even slightly less during the flowering 
stage ; but this shortage can be more than counter- 
balanced by the proper adjustment of the irriga- 
tional dose by reducing it during the maturity 
stage in which it is rather in excess. In the case 
of the other two treatments, however, the pillar 
for irrigational dose is invariably higher than the 
one for the water utilized in all the phases, clearly 
bringing out the possible waste of water in these 
treatments. The figures for the total water 
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utilized lifive shown a progressive rise till the 
t.rcatniciit of 120 iri. followed by a fall in the last 
treatment of IW in. wliicli clearly indicates that 
the latter treatment has e:x<3eeded the limit of 
optimum requirement. 

All iliese data iurtlier indicate that the water 
requiremeiit of the plant is not constant throughout 
the entire life-cycle of the plant ; but it varies 
according to the climatic conditions and the stage 
of crop growth. It maj?' be evident, therefore, 
that in order to secure the best advantage from 
the total delta, it is essential to distribute it in 
either fliictiiating intervals or fluctuating doses 
and not in imiform periodic doses as has been 
followed ill the present series of experiments based 
on the general s^'stem practised in this tract. On 
the basis of these soil-moisture studies and the 
figures of daily wa ter rcapureiiieiit calculated from 
them, a schedule of fluctuating doses is, worked out 
for an cx]>erimenta] trial in the next series and 
these data will be discussed in a separate paper. 

(6) Evo4ranspimtion ratios. These ratios have 
been worked, out from the differences in the soil 
moisture before and after irrigation for inillable 
canes only as no data are available of the total 
production of dry matter including all the leaves 
produced. Figures for transpiration ratios alone 
cannot be also differentiated as under fiLeld condi- 
tions it is not possible either to exclude evaporation 
or to calculate it accurately although some idea 
of it is got by putting pots filled with soil inside 
the crop and weighing them at fixed intervals. 
From practical standpoint also evo-transpiration 
ratios vrould be of real use as they give a better 
idea of the total water requirement of the crop. 
These are, therefore, given in Table XI for all the 
three years with the actual quantity of water 
utilized per acre. Estimation of soil moisture se- 
parately in the case of Pundia and POJ 2878 has 
shown very little variation in the figures for the 
total delta utilized within a period of 12 months 
although some fluctuations are observed in the 
periodical samples. Average figures for the total 
delta are therefore taken for both the varieties 
and the evo-transpiration ratios are calculated 
for each variety on the basis of the dry weight of 
cane. 

These figures reveal the dependence of the evo- 
transpiration ratios on the dry matter produced, 
the lesser the production of dry matter, the greater 
these ratios for the same treatment. The wide 
fluctuations in these ratios from year to year are 
due to the predominating influence of climate on 
growth as already discussed in the previous paper. 
Further work on the inter-relationship of water 
and manure have shown that these ratios could be 
redu<jed even below 400 for the same water treat- 
ment (95 in.) by a suitable selection of the mammial 





Fig, 4. Periodical water requirement (average of three 
years— 1933-34 to 

dose and the varieties. Even in the present case, 
fluctuations in the ratios for the two varieties are 
entirely due to differences in the production of 
dry matter although the total water utilized within 
a period of 12 months has been practically the 
same. This is evident from the comparison of the 
figures of evo-transpiration ratios and the actual 
water consumed for the years 1933-34 and 
1935-36 in the case of 70 in. Although the ratios 
for these two years varied widely the actual con- 
sumption of water during these years was 70- 9 
and 72*5 acre-inches respectively. It seems, 
therefore, that from the standpoint of prac- 
tical irrigation the presentation of the data 
about actual consumption of water will be 
of greater utility than of such evo-transpiration 
ratios which fluctuate largely depending on cli- 
mate, varieties , as well as manuring. , It may be 
remarked here that this figure of the total water 
requirement is much higher than that obtained by 
Kulkarni and Inglis [1938]. From their pot- 
culture work at Hadapsar in, the Deccan Canal 
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Table XI 

Em4ranspiration ratios 


Treatment 

Total 

dcOta 

received 

in 

irrigation 

(in.) 

Total 

rainfall 

(in.) 

Total 
water 
received 
by the 
crop 

(in.) 

Total 
water 
utilized 
both in 
transpira- 
tion and 
evapora- 
tion 

per acre 

1033^34 





70 m. 

52 *06 

17 -94 

70 

70 -9 

95 in. 

77 -06 

17 -94 

95 

68-8 

130 In. 

112-06 

17*94 

130 

73 -4 

1934-^So 





70 in. 

48*99 

21*01 

70 

56-2 

95 in. 

72 *99 

21 *01 

95 

60 *9 

120 in. 

98 -99 

21 -01 

120 

62 *9 

130 in. 

108*99 

21 -01 

1 130 

55-9 

193S-3S 





70 m. . i 

57 *64 1 

18-36 

70 

72*5 

95 in. 

76*64 

18*36 

95 

78-5 

120 in. 

101 -64 

18-36 

120 

90*4 

130 in. 

ill *64 

18-36 

130 

1 

84 *4 


Note. — During 1933-34 moisture studies wer; 

tract, they have concluded that about 4/5th of an 
acre-inch of water is all that is required to produce 
a ton of green cane, or in other words a 40-ton crop 
requires only 32 in. of water exclusive of evapora- 
tion or 47 in. inclusive of the same. It is rather 
a moot point whether this low figure is entirely 
due to the location of the experimental work at a 
place where the humidity is higher than what is 
obtained here. Their field experiments on irri- 
gationai quantities, which were also conducted 
practically simultaneously, have not, however, 
supported this low figure. In this case, the 
treatment of 75 acre-inches has come out the best 
and as it seems that they have not made any 
allowance for the rainfall in these water treatments, 
this figure practically agrees with the treatment of 
95 in. of ours. This dissimilarity of results among 
pot culture and field experiments obtained by these 
authors has, in fact, justified our viewT>oint that 
for securing conclusive data of practical value, 
field experimentation of the type described by us 
will be more suitable. 

N Urates, The nitrate N was determined in the 
soil samples preserved at monthly intervalB from 


E VO - trans pira t ion 
ratio 

1 

1 E V 0 > t r a n s } ) i r a t i o 1 1 
ratio-—' 

Average of 3 years 

' 


POJ2878 

Pundia 

IPOT2878 

' Pundia 

‘Remark,s 

702 

663 




755 

615 

. . 



904 

720 

• • 

. . 


828 

1003 

869 

868 


960 

1080 

*901 

876 

* The figures 

943 

1637 

1072 

1427 

are average 

914 

1037 

1001 

1027 

of two 

years 

1046 

939 




1017 

933 

, . 

• • 


1072 

1186 


* • 


1184 

1325 





not carried out in the treatment of 120 in. 


those taken for moisture estimations. These data 
were calculated as percentage deviation from the 
original nitrate content of the soil and are illus- 
trated graphically in Eig. 5 for one year only as it 
almost represents the trend of fluctuations in the 
different treatments for other years also. In 
addition, samples were collected from ridge only at 
a few periods till earthing up during the latter two 
years. In this case the data are given in Table 
XII, also for the same year. The results clearly 
illustrate the fall in nitrates with increased water 
quantities suggesting leaching of nitrates. This 
is very well brought out in the data given in Table 
XII. The comparison of figures with those in 
the furrow shows that the ridge forms a repository 
of nitrates which are either accumulated by the 
capillary rise or by being formed I???, due to the 

intensification of the process of nitrification caused 
by better aeration. The root-system is found, 
however, to permeate throughout the mass, and as 
the growth in the higher water treatments is 
found to be slightly better at this time with the 
possibility of greater absorption of nitrates by the 
plant, the observed fall in nitrates with increasing 
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Fig. 5. Periodical deviation of nitric N from preliminary sampl0~I934-35 


quantities of water cannot be entirely attributed 
to their leaching down to lower layers ; such wide 
variations, however, do indicate that there must 
be appreciable loss of nitrates by leaching with 
increased quantities of irrigation as in the case of 
120 in. and 130 in. 

Table XII 

Percentage increase of nitrate nitrogen in ridge over 
the nitrate content at start 19B4^B5 


Treatment 

12 

March 

18 

May 

27 

June 

Actual 
nitrate X 
content 
on 27 
June 1934 
mg. in 
100 gm. 
of air dry 
soil 

70 In. . 

609 

1079 

' 317 

0-61 

95 in. . 

248 

414 

73 

0-22 

120 in. . 

248 

03 

—10 

0-09 

130 m. . 

138 

75 

—50 

0-05 


Some laboratory studies were also carried out 
to see whether such high irrigational treatments 


do affect the nitrif3rmg power of the soil. For this 
purpose, soil samples were collected from different 
treatments at the time of earthing up and wwe 
mixed with safflower cake which was to be applied 
at the time of earthing. These were then imme- 
diately filled in earthen- ware pots after making up 
the moisture content to the moisture equivalent 
in all the eases. At intervals, a definite portion of 
the soil w^as removed and ammonia and nitrates 
were determined. For ammonia, the soil was 
distilled with MgO. Every fortnight the mois- 
ture content of the soil was made up to the mois- 
ture equivalent and care was taken to see that it 
never fell below 36 per cent during the course of 
experimentation. Periodical data for both am- 
moniacal and nitrate N as percentage of the total N 
are given in Table XIII. The results indicate con- 
sistent diminishing microbiological activity leading 
to less mineralization of cake nitrogen in the sofl in 
the ease of 130 in. This low microbiological acti- 
vity suggests that such heavy irrigation is not con- 
ducive to the maintenance of proper tilth required 
for the purpose and as a result, a larger portion of 


Table XIII 


Treatment 

15 days 

1 month j 

2 months 

months 

4 J months 

, Total 
i mine- 
j , ' raliza- 
tiOE 

NH* 

XOa 

NHj, 

NOs 

NHs 

XO3 

NHs 

XOa 

XKa 

TO* 

Cake 4* 70 in. 

14-4 i 

0-20 

20*9 

2*2 

17*3 

0*8 

11*5 

9*2' 1 

8*3 

7*1 ,, 

19*6.; ' 

Cake 4- 95 in. 

: 12-5 1 

0*20 

19*1 

2*6 

14*5 

7-3 

9*7 

8-6 

6*6 

6*1 

, 17-4 

Cake + 120 in. 

' 13»6 ' 

0-03 

20*4 

2-6 

13*6 

6*4 

8*8 

8*4 

6*5'" 

'5*7 ■ 

17*2 

Cake + 130 in. 

, ll‘Y , 

"'■0*03 

15»6 

1*9 

11-7 

5*4 

7*8 

i 

,, 7*0 

0*3, 

5*5 

14*4 
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cake, which is the only top-dressing applied at 
earthing up time, will I’cinain unavailable. The fall 
in growth at later stages in this treabment seems to 
be thus partly due to the non-availability of the 
cake owing to its less nitrification. In the case of 
the ..other treatments, 70 in. have shown slightly 
better mineralization than the other tw^o. 

Gein^eeal discussion and coNcntrsioNS 

The problem of the exact water requirement of 
sugarcane u,iider field conditions is of extreme im- 
portance in the Deccan Canal tract, where sugarcane 
is entirely grown on irrigation from the canals 
.which are constructed at a great cost. A compre- 
hensive programme of research has been, therefore, 
planned out in a series of experiments, and the 
first series described in these two parts comprises 
investigations on the minimum and also the opti- 
mum delta for the same manurial dose. These 
investigations have been mainly carried out by 
field experiments after taking proper precautions 
to niaintaiii accuracy in “water quantities by carry- 
ing the measured volume of water directly to the 
field by means of hume pipes without any loss in 
transit. A continuous record was also kept of the 
fluctuations in moisture in the fleld by laboratory 
studies. These data are given in section II while 
the developmental behaviour of the plant under 
varying treatments is described in section I. 

Among the four water treatments of 70, 95, 120 
and 130 acre-inches, sufficient evidence is available 
as regards the deleterious effect of 130 in. This 
harmful effect is found to start only at later stages 
of the growth phase and is traced to deficiency of 
mineral nutrients specially nitrates. It has been 
found that this deficiency is caused by both the 
leaching down of nitrates and the adverse effect 
of such heavy irrigation on the microbial activity 
of the soil, the latter reducing the availability of 
nitrogen in cake applied as top-dressing at earthing 
up time. That there is a fall in growth in this 
treatment is further reflected in cane tonnages, 
the reduction being quite significant in certain 
seasons and also in the average of the three seasons 
when compared to the other treatments. Studies 
in the residual effect have also revealed a fall in 
total nitrogen and in the yield of the succeeding 
crop of joivar in this treatment. There is thus 
sufficient evidence to indicate a close relationship 
of water and nitrogenous top-dressings. The only 
point in favour of this treatment has been the early 
maturity leading to higher brix and purity, and 
better-coloured gtit In the ease of Pundia, this 
gul has fetched about two rupees move per palla 
and from the commercial standpoint has made up 
for the fall in yield as compared to the treatment 
of 70 in. In the case of POJ 2878, the differenbe 
in the colour of g-wZ from different treatments was 
not of sufficient magnitude to attract the attention 


of the market and the prices have been practical^ 
-.similar in. all cases. From the standpoint of 
com.mercial ca.ne sugar, it has not also come superior 
to the other treatments. 

Coming to the actual use of w^ater in evo»trans- 
piration this treatment seems to have exceeded the 
limit of optimum requireiiient as, while there has 
bee.n a progressive rise in evo-transpiration with 
increased deltas up to 120 in., this treatment which 
is immediatel}?' higher to it has shown a tendency 
towards reduction in this figure. It is not, how- 
ever, quite clear at this stage as to whether this 
can be entirely ascribed to the depressed plant 
activity or to the possibility of the mainteiiaiice^ 
of higher humidity in this treatment which, as is 
well knowm, reduces the transpiration. 

Among the remaining three treatments, the 
treatment of 70 in. has shown some adverse effect 
on growth during the early growth phase, ivliile the 
other two treatments have shown similar develop- 
mental performance throughout. This decreased 
rate of growth in the case of 70 in. is found to be 
due to the deficiency of soil moisture during this 
period caused by the insufficiency of the irriga- 
tional dose and it is only the rainfall of September 
which raised the moisture content of the soil 
sufficiently to accelerate the rate of growth. It 
is, however, observed that this low irrigational 
dose reduces the loss of nutrients by leaching down 
to loww layers by constant irrigation and there- 
fore the growth continued in this treatment when 
it had practically ceased in the case of others. 
Consequently this treatment eventually made up 
in gro^h and also in cane tonnages, thus equalling 
those of the other two at the time of harvest. 
There is, however, an indication of the progressive 
rise in brix and purity with increased water quanti- 
ties. 

It would be thus evident that in case we had 
not such detailed observations on the develop- 
mental performance and the data on soil moisture, 
we would have wdthout hesitation recommended 70 
acre-inches to be the minimum water requirement 
under field conditions by following the general 
procedure in vogue of taking cane tonnages as 
the criterion for finally judging the efficiency of 
the treatments. It must be, however, remembered 
that all these water treatments are inclusive of 
rainfall and under field conditions where rainfall 
cannot be excluded, some allowance must be made 
for its precarious nature by reserving a portion of 
the total delta while fixing the irrigational dose 
in each treatment. Thus the dose at each irri- 
gation would be slightly less than what would have 
been the case if the total delta was given in irri- 
gation alone in uniform doses. In the case of 70 
in., this irrigational dose has been insufficient on 
many occasions to make up for the loss of mois- 
ture, which has adversely affected the growth 
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and it is only when it is supplemented by rairdall 
that this adverse effect has disappeared. It is 
further observed that the actual loss in evo4rans- 
piration, comes to about 67 in. in this ti‘eatment, 
i.e. practically equal to the fixed total delta and 
there would be thus no margin for the ineffective 
nature of the rainfall when it comes in torrents — 
a very common feature in this tract. It would be 
thus risky to recommend this total delta for 
adoption in the general agricultural practice in this 
tract as its success would entirely depend upon 
the favourable season of w'ell-distributed rainfall. 

In the case of 95 in., on the other hand, the 
periodical irrigational dose almost balances the 
loss of water during the interval and is thus inde- 
pendent of rainiail. This treatment thus contains 
sufficient allowance for the ineffective rainfall 
without any excess at the same time ' in the irri- 
gational dose. Such is not» the case with 120 in. 
ill which the irrigational dose is far in excess of the 
water requirement throughout all the different 
phases of plant life. At the same time, both the 
developmental behaviour and cane tonnages have 
shown no additional advantage of this higher delta 
over 95 in. and all this excess quantity is therefore 
a mere waste. Taking all these factors into con- 
sideration, 95 in. is considered to be the minimum 
water requirement under field conditions and 120 
in* to be the optimum one for a manurial dose of 
1501b. N. 
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VARIATIONS IN THE MEASURABLE CHARACTERS OF COTTON FIBRES 

'V VARIATIONS CAUSED BY CHANGE OE , PLACE AND feEx4SON 
Bv R. L. N. Iyekgab, Cotton Breeding Station, Coimbatore 
(Received for publication on 8 April 1943) 


(With Plate XIX a: 

Many workers liavc studied the influence of 
environiTuaiit on the yicild of cotton but only a 
few have coi'related its eifect on the quality. 
Balls [1915] investigated the water requirements 
of cotton and showed that a deflcieiicy in the water 
sup[)1\' w^ould affect the development of lint. 
Haw kins and Serviis [1930] studied the develop- 
ment of the cotton fibre and incidentally correlat- 
ed the variations in temperature with lint develop- 
ment. They have not, however, made proper 
allowances ‘for those due to changes in the 
plant age. Peirce and Lord [1934] worked on the 
same cotton grown in two places and found 
considerable variation in the degree of inaturity. 
Patel and Srinagabhnshana [1936] examined the 
effect of growing the same cottons in three places 
in (Gujarat. They observed appreciable differ- 
ences in fibre weight per centimeter and maturity. 
It is proposed to record here the variations 
observed when the same set of cottons were grown 
at two different places, Coimbatore and Srivil- 
lipiithnr, for five seasons. It may be men- 
tioned that at Coimbatore the seeds are sown 
in September and the pickings are done in 
Eehniarv and March. At Srivilliputhur, on the 
other hand, the plants are grown during the hot 
weather from March to August and the pickings 
are done in J iily and August. 

Matebial and methods 

The material was collected from pure strains of 
Cambodia cotton (G. Ursutum) evolved at the 
Cotton Breeding Station, Coimbatore. In the 
first year there w^ere 14 strains, in the second 11, 
in the third 28, in the fourth 9 and in the fifth 
year 8. The following cHaracters were deter- 
mined : ■ 

1 . Seed weight, 6. Unit fibre weight, 

2. Lint weight, 7. Standard fibre weight, 

3. Ginning percentage, 8. Number of fibres per 

4. Mean fibre length, seed, and 

5. Mean fibre weight per 9. Maturity percentage. 

centimeter,. 

In addition the mode of development of fibres 
was also studied. The first three characters were 
determined by taking four lots of 100 seeds each 
according to^ the method described by Hilson 
[1 922]. Mean fibre length was obtained by two 


I four text-figures) 

Balls sorter tests on separate slivers according to 
the method followed at the Technological Labo- 
ratory, Bombay, [Ahmad, 1933]. The unit fibre 
weight and fibre weight per centimeter were 
obtained by weighing whole fibres [Ahmad, 1933]. 
The standard fibre weight was calculaited accord- 
ing to the new formuia of Peirce [1938]. The 
number of fibres per seed was obtained by 
dividing the lint weight per seed by the unit fibre 
weight [Iyengar, 1934]. The maturity was deter- 
mined bv the use of Gulati and Ahmad s [1936] 
matiirit}?' slide. 

For the study of the length and thickness 
development, flowers of Co 2 were labelled on the 
day of opening and bolls of various ages were 
collected and immediately killed in form-acetic- 
alcohol. Ovules from the middle position of 
9-seeded locks were used in the present study. 
Ovules of 0 to 6 daysVage were embedded in 
paraffin for cutting sections. The sections were 
cut to 10 [A thickness and stained with haematoxy- 
lin. The number of fibres sprouting on the seed 
surface was counted on the five middle sections 
and their average was taken. The length and 
breadth of the middle section were also determined 
with the help of which the approximate total 
number of fibres per seed was calculated as shown 
in the Appendix. Four to six ovules have so far 
been studied for each of the ages one, two and 
four days, for each of the two places. Those of 
4 to 29 days age from bolls collected at Coim- 
batore and of 4 to 19 days age in the case of 
collections made at Srivilliputhur were used for 
measuring the fibre length. In the latter samples 
the locks^ of cotton were immersed, as suggested 
by Berldey [1939], in boiling water for a few 
minutes to disentangle the fibres for the length 
measurement. The fibres sprouting on the right 
side of the seed, when the funicle is pointing away 
from the observer, were used for measuring the 
length. Keeping the seed under water the 
fibres were gently separated and straightened by 
means of a needle. The approximate length of 
the tuft from the centre of the seed was then 
measured by means of a pair of dividers. Ten 
measurements were made for each age. For the 
measurement of wall thickness the fibres of the 
same region were utilked, A tuft of about 160 
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fibres WAH separated by means of a needle, and 
pulled out from tiie seed. This tuft was gently 
spreaei out on the Gulati and Ahmad slide and 
mounted in. a mixture made of equal proportions 
of water, glycerine and alcohol. Fibre wall -thick- 
ness was determined at ' one place (about the 
middle) .for each fibre b}^ moving the slide on the 
stage of the microscope. Six tufts taken from 
differe.Et seeds were examined for each age. 
The diameter of the uncoliapsed fi.bre was de- 
tei’miiied by mo'iinting and measuring the fibres 
as in the case of wall-tliickness measurement. 
Six samples from different bolls of the highest 
available age were studied for each place. The 
surface area of the seed was determined by the 
method described Iyengar [1029 and 1941]. 
One hundred seeds, in four lots of 25 each, were 
examined for each of the eight strains studied 
in the final year. The volume of the seed was also 
determined by the displacement of kerosene oil. 

For statistical analysis Student’s method was 
employed for testing the differences within the 
same year, and an lay sis of variance w-as used when 
differences for all the years were combined to- 
gether. In the anal sis of variance only six 
strains wiiich were common to the last four years 
were utilized, the results for which are found in 
Table VIII. 

Results 

The individual results of each character for the 
five dilFerent years are not recorded for the sake 


of brevity. The mean diflereiiccs biBwiMui the 
two places witii tiicir statistical sigiiilicaiic«\s arc, 
however, given in Table L The values for llie 
variance ratio (e-'-) along with its sigiiifieance are 
given in coluiriiks 17 an<l 18 of Table I. The 
analysis of variance is found in Table \'Ji. 

It will be seen that most of the differeiu'cs arc 
highly significant and many of tin* (*iiaraeters 
behave uniformly in almost all tlje Y(‘ars. (I) 
Lint weight, (2) ginning percentage, (B) iiiiir} her of 
fibres per seed, and (4) mean fibre hmgth exhilfit 
the same kind of behaviour in all (ise fivo y(‘ars, 
the first three characters beiiig grealc‘r and, the 
last one smaller at Coimbatore' (Fig. [).- Tv'o 
other characters als<,>, viz, standard fibre weight 
and the proportion of mature fibres, ])elia\xj alike 
in four out of the five v'ears, the ffanner being 
higher and the iatbu: lower at Coimbatorfx in 
three of the five 3 X‘ars fibre weight per cm. is 
significantly greater at Coimbatore. In the 
other two years the differences are either wary 
and both of them are not significant. Unit fibre 
'weight and immature fibres bciiavc differently 
in different years. In only one year the seeci 
weight records a significant' increase at Srivilli- 
puthiir. 


*In Fig. 1 the differences expressed as percentage of 
the mean are given for all the properties except mature 
and immature fibres percentages, for which the actual 
differences are recorded 
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Table II 

Length development of fibres in mm. (Mean of 10 determinations in each case) 


CoiMBATOBB 1939-40 


Sbivilliputhub 1940 



Age of ovules after flowering 


Leng 

th 

Kate of 
lengthening 
per day 

Length 

Rate of 
lengthening 
per day 







Mean ± 

S.E. 

Mean ± S.B. 

Mean d: 

S.E. 

Mean i 

S.E, 

4 


Days 


. 

. 

0-84 

0*032 

0*52 

0*029 

1-79 

0*066 

1*24 

0-056 

6 


• 

• 

• 

• 

1*88 

0-051 

0*68 

0*047 

4*27 

0*092 

1*37 

0-076 

8 


. 




3-25 

0*079 

1*28 

0-082 

7*01 

0*121 

1*42 

0-106 

10 






OD 

O 

0-145 

0*35 

0-094 

9*85 

0*174 

1*50 

0-128 

12 






6' 50 

0*122 

0*88 

0*156 

12*85 

0*188 

4*45 

0*204 

14 






8-25 

0*285 

** 

•* 

21*75 

0*361 

3*20 

0*482 

15 






•• 


1*22 

0*185 

24-95 

0*320 

4*55 

0-452 

16 






10*70 

0*236 


•• 

29*50 

0*320 

0*20 

0*410 

17 






*• 

** 

2*38 

0*196 

29*70 

0*256 

0*15 

0*317 

18 






14*45 

0*312 


•• 

29*85 

0*187 

,0*16 

0*300 

19 







•* 

1*98 

0*228 

29*90 

0*234 


... 

20 






18*40 

0*322 

3*05 

0*172 


.. 

*• 

•• 

23* ■ 






27*55 

0*408 

0*00 

0*207 

•• 




26 

• 


• 



27*55 

0*466 

—0*08 

0*203 

** 


•• 


29 

. 


• 


• 

27*30 

0*394 







Mean 

v' ' ,• 

- 

* 

- 


*• 

1* 

■20 


1*85 


*As it was thougEt that the iengthening phase might not extend beyond 20 days after flowering, bolls of age 
differing by single day only after 20 days were not killed at Coimbatore. At Srivilliputhur this defect did not arise as 
the iengthening phase ended by 16 days 
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Table III 

Degree of tliichening in jl for different ages {Mean of six deierminatiom in each case) 


CoiMBATOBE 1939-40 SjaiVlLLlFUTllUE 1910 

I Kate of Hate of 

Wall thickness j thickening Wall tiiickiiess thickenifi!! 

I ! per day* per day* 

i I i 

1 ! C 

I Mean ± | Mean i S.E. Mean i S.E. j Mean i S.E. 


Days 

20 .... 

23 . 

26 .... 

29 .... 

32 .... 

35 .... 

38 .... 

41 .... 

44 . . ' . 

47 .... 

50 .... 

53 .... 

Mean 


*Mean increase for six days’ interval 

21*47(XJ:;0* 182[X at Srivilliputlinr. The differ- previously from the results for the standard fibre 
ence is statistically significant for the 5 per cent weight. 

point, indicating that the fibre is finer at Srivii- The results obtained for the number of fibres 
liputhur, which conforms with the finding made per section and per seed for the different ages are 

given in Table IV. 

Table IV 









.. 

i 

72 

0 

049 




. . 

1 

05 

0 

006 





2 

93 

0 

133 

0 

48 

0 

Oil 

1 

10 

0 

006 

0 

10 

0 

002 

4 

59 

0 

042 

0 

36 

0 

033 

1 

08 

0 

oil 

0 

19 

0 

001 

5 

09 

0 

150 

0 

21 

0 

046 

2 

28 

0 

002 

0 

19 

0 

Oil 

5 

85 

O' 

276 

0 

15 

O' 

034 

2 

81 

0 

064 

0 

26 

0 

010 

6 

00 

O' 

144 

0 

17 

O' 

058 

3 

82 

0 

061 

0 

28 

0 

042 

6 

85 

0- 

211 

0 

16 

0- 

025 

4 

51 

0 

241 

0 

24 

0 

029 

6 

98 

0- 

052 

0 

04 

O' 

040 

5 

24 

0- 

-163 ’ 

0 

22 

O' 

■052 

7 

n 

O' 

113 




. . 

5 

80 

O' 

■204 i 

0 

17 

0- 

■063 1 








. . 

6 

26 

O' 

•340 1 

0 

23 

0« 

‘043 1 






. 



7 

18 

O' 

•157 1 




.. 1 




. i 





; 0-240 .. 


0*279 .. 


Age of ovule after flowering 


Number of fibres sprouting on the ovule 


1 

Per section j 

On the whole ovule 

Diameter of fibre cell in jx 

Age of ovule j" 

Coimbatore 

Srivilliputhur 

Coimbatore 

Sriviliiputhur 

Coimbatore 

■ Sriviiluputhur 

1 day ' . 93 

141 

6,800 

10,400 

11*7 

14*4 

2 days . . 179 

160 

12,600 

9,000 

14-4 

14*9 : 

4 days . . 226 

181 

10,700 

9,500 

17*2' ! 

16*8 ■ 

Fully mature seed 


19,000 

13,000 

i 


It should be stated at the outset that further error. Bearing this in mind it may be staled that 
work is necessary before definite conclusions can fcbe number of fibres per seed is less at Coimbatore 
be drawn. The following observations may, on the first day; at Sriviiliputhur, however, the 
however, be made tentatively. The mean number differences cannot be sakl to be significant, 
of fibres per section is seen to increase with age Balls [1915] stated that the number of fibres 
at Coimbatore but at Sriviliipiithur the increase, sprouting on the seed was determined by the 
if any, is negligible. The calculation of the total environmental conditions on the day of fiow'-er 
number of fibres on the whole seed is subject to opening, there being no further differentiation 
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afterwards. Gulatl, [1930] and Ayyar and 
Ayyangar [1932] and others showed that farther 
s])roiiting of fibres also does take place. When the 
present results are csonsidered in the light of the 
above findings it looks as if the remark of Balls 
is correct at Srivilliputhur and that of the others 
at Coimbatore. It may be mentioned here that 
the cotton which Balls [1915] studied was also 
grown in suniiiier as at Srivilliputhur. Further 
confirmation is, however, essential to substan- 
tiate this Gonchision. 

Between the two places the difference in the 
number of fibres is very conspicuous in the one 
day-old ovule. The development of the fibre is 
also considerably different as can be seen in 
Plate XIX. The Coimbatore ovule has on it very 
small protrusions, hardly visible, while the 
Srivilliputhur one shows out the fibres very 
clearly. The number is also much more at 


the latter place. In ovules of age of two days the 
number of fibres per section appear to be the same 
in both the places ; but in four days old ones 
the Coimbatore value rises very much higher 
than the other. Thus starting with much smaller 
number at Coimbatore it overtakes, and leaves 
behind the Srivilliputhur value by the fourth day. 

The diameter of the fibre cell, at the point of 
sprouting, appears to increase with age at Coim- 
batore, while at Srivilliputhur the value for the 
fourth day alone is greater than the other two. 
Further determinations are to be made on this 
point. 

To account for the reduced number of fibres 
per seed at Srivilliputhur, Dr Nazir Ahmad 
suggested that the surface area of the seed 
be determined at both the places to see if it is 
less at Srivilliputhur. The results obtained are 
given in Table V. 


Table V 

Differences in seed characters {Coimbatore minus Srivilliputhur) 




Seed i 

Seed 

Density of 

No. of fibres 

No. of fibres 


Area X K 

weight I 

volume 

seed in 

per seed 

per unit 


1 

in mgm. j 

i 

1 ! 

in c.c. 

grn./c.c. 

In lOOO’s 

area X' 

Value . 

. > ^0*485** 

! 

—0*0055 j 

—0*0098* 

0*0274 

' (j*56** 

3*72** 





34 per cent of 

46 per cent of 


1 




Co value 

Co value 

8.E. • , ' • 

0*0697 1 

0*00341 j 

i 

0*00362 

0*0131 1 

0*666 

0*364 


** }Signifi<*ant for P=0* 01 n*Near significance for 05 Significant for P=0* 05 


It will be seen that the surface area, instead of 
being less, is significantly more at Srivilliputhur. 
As a consequence the number of fibres per unit 
area of the seed surface gets reduced still further at 
this place. The difference in this character is as 
high as 46 per cent of the Coimbatore value, 
while the corresponding difference in the total 
number of fibres on the wdiole seed is only 34 
per cent. 

The difference in the surface area is seen above 
to be significantly greater at Srivilliputhur. But 
it was found that the seed weight was not signi- 
ficantly different. These two findings are apjia- 
rently" contradictory. But the results obtained 
for the seed volume offer an explanation, the 
volume being significantly greater at Srivilii- 
puthur. The higher volume reduces the density 
of the seeds here, the difference in which though 
not statistically significant is near the critical 
value. 

^ DiSCUSvSTON OF'EESULTS . ' 

The changes in the climatic and fertility factor 
in the two places can now be examined with a 
view to correlate the observed variations in fibre 


characters with any of them. It will be seen 
from Fig. 3 that the temperatures during the 
earlier j)hases of the plants’ growth at Srivilli- 
puthur are considerably higher than those of the 
corresponding stages at Coimbatore. The mean§ 
weekly temperature at the latter place ranges 
from 73°F. to 80° F., except in the last four weeks 
(Fig. 3), whereas at Srivilliputhur the mean tem- 
perature is never below 82°F. with a maximum 
reaching to 88°F. During the grand period of the 
plants’ development and during flowering and boll- 
formation the mean temperature at Coimbatore is 
very low {73°F. to 77°F.) while at Srivilliputhur 
it is much higher (•85°F. to 88°F.) The higher 
temperature is associated with greater solar radia- 
tion. Even in the general shape of the tempera- 
ture curve there is a considerable difference . 
While at Coimbatore the temperature falls and 

§The mean weekly temperafcure was obtained by de- 
termining on the thermohygrograph chart the area 
enclosed by the temperature curve, the two 10 o’clock lines 
at the beginning and the end of the week and the zero 
degree line and calculating the mean temperature 
therefrom. The mean weekly relative humidity was 
similarly determined from the relative hmnidity curve, 
the 8 o’clock lines being used ha this case. 





^4 


Grown at Coimbatore ( x 100) 


Grown at Srivillipiitliur ( x 400) 


Grown at Coimbatare ( x 400) 









m*. n- , ^. . 
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then rises ' (Fig. 3) during the life of the plant,, at 
Sriviliipiithur it appears to rise and then fall. 



COIMBATORE 
5RIVILLIPUTHUR . 





iO 15 20 

Niiraher of weeks after sowing 


BTg. 3. Variation of temperature and relative humidity 
(Mean value for three years) 


Coming next to the mean weeklj^ relative 
humidity it will be seen that tlwiro are distinct 
differences (Fig. .3) between the two places^ tlioiigii 
not as conspicuous as in temperiituro. At 
Coimbatore, after a preliminary rise there appears 
to be a graciual fall with the advance of age, while 
at Srivilliptithur the general trend is not distinct. 
Between the 10th and the lOtli weeks after 
sowing, that is, when most of the floral buds are 
being formed, the mean weekly relative hi.midity 
is considerably h.igher at Coi.nibatore (Fig. 3). 

With regard to the rainfall it may be stated 
that the two places receive neari}^ similar amounts ; 
the distribution of rainfall is also fairly similar. 
The quantity ’of water given in the irrigations is 
slightly more at Sriviliipiithur. 

For the comparison of the relative fertility of 
the soils of the two centres the soils were analyzed 
by the Government Agriciiiturai Chemist and their 
results are given in ’ Table VI. The Government 
Agricultural Chemist remarks on them : ‘ In 
general the soil from the Sriviliipiithur taluk 
contains mechanically more finer fractions than 
the Coimbatore soils. The available phosphoric 
acid andjpH of the surface soil from Srivilliputhur 
taluk are more favourable and also the %vater- 
solubie salts are less as will be evident from the 
values obtained from their electrical conducti- 
vity k The soil at Srivilliputhur may, therefore, 
be taken to be relatively more fertile than the 
soil at Coimbatore. 

Summing up the differences it may be stated 
that at Srivilliputhur (1) the temperature and 
solar radiation are considerably higher, (2) the 


Table VI 

Results of analysis of 12 samples of soil from Cotton Breeding Station^ Goimhatore and Srivilliputhur 


Property in Field No,7, 0. B. S., Coimbatore Field No. S,C.B.S„ Coimbatore 

Depth ill. 0-6 6-12 | 12-24 I 24-36 | 0-6 j 6-12 i 12-24 I 24-36 


Srivilliputhur 


Moisture 
Nitrogen . 

Av. potash 
Av. phos. acid 
Clay 
Silt 

Fine sand . 
Coarse sand . 
Acid solubles . 


Max. water holding 
city . 


Electrical conductivity x 
10® Mhos . 


0-6 

6-12 

12-24 

24-36 

0-6 

1 6-12 

1 

12-24 

24-36 

1 ; 0-6 

6-12 

12-24 

24-36 

2457 

38-39 

'2458 

2459 

2460 

2461 

1 

j 2462 

i 

2463 

2464 

199 

1 39-40 

200 

201 , 

202' 

3*68 

3*66 

4-16 

4*36 

3-49 

3*82 . 

■ 4*25 

i 

j 3 '-89 

4-75 

5-21 

5-23 ■ 

■ 5*49 

0-052 

0-043 

0-047 

0-045 

0*046 

0-043 

0*044 

1 0-046 

0-068 

0*031 

0-021 

0-018 

0-022 

0-017 

0-013 

0*0073 

0-025 

0-021 

0‘*016 

0-015 

0-025 

■ 0-014 

, 0-011 

0-012 „ 

0-029 

0-0175 

0 -0097 

0*0020 

0-017 

G-013 

0^0093 

O-OIO 

0*058 

0-016 

0-0059 

0*0035 

33*59 

33-37 

37-92 

'36*29 

33-43 

34-82 

37-76 

86-89 

35*96 

37-56 

38*25 

39-37 

5*71 

9-13 

8-40 

11*76 

8-91 

9*05 

10*18 

10-98 

'll*34 

12*24 

■ 11-87 

M2-48. 

• ai-si. 

21*01 

23*40 

22*19 

22-72 

23-79 

i 

■ 22*41 

: 22-28 

! 20*84 

19 -OS 

X9-40 

17-84 

',"35:.-53 ■ 

.36-34, i 

28*09 

21*96 

34-53 

32*32 

29-23 

28-89 

1 31*57 

32„*47.: 

32*04 

■30*11 '■' 

3-66 

0*15 

2-10 

7*82 

1-41 

0*02 

0-42 

0-96 : 

' 0*29 



0-20 

■A7>42 

47-67 

48*62 

51-17 

38*69 ! 

i 

43*64 

41*59 

44*12 i 

63- 60 ,; 

^52 *90, 

50*56 ,.'i 

49-61'^'"' 

8*72 


8-44 

8*68 

8*96 1 

8*29 

8*40 

8*08 

S-26 ' : 

, 8*23 , 

, 8-51, „ 

.8-14 '■■ ■, 

21*96 

■,■■21*08 .. ' 

25-07 

30-73 

18*35 

20*77 

22-82 

23*00 

19-10 

15*00 

16-04 

17*47 
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relative iuoiiidity during tlie period of flowering 
is lesSs (3) the soil is more fertile and less alkaline, 
and (4) slightly larger quantity of water is given 
in the irrigations. 

Tiic effect of each of the above factors may now 
be considered in the light of available literature. 
Recent work of Ayyar et uL [1940] has shown that 
tlie elfect of large differences in irrigation is 
negligible on the fibrf3 characters. Hence' the 
siigiitiy increased quantity of irrigation water at 
Sriviiiiputhnr can hardly be responsible for the 
large differences observed in the fibre properties. 
Regarding fertility of soil or mannrial treatment 
on quality of lint produced, fairly good amount of 
literature is available. The general trend of the 
conclusions is that the changes in inherent soil 
fertility or application of manure do not cause 
much differences in the quality except in very 
poor soils. Coimbatore soil not being very poor, 
the fertility factor may not be the cause of the 
considerable differences observed. It has to be 
considered that greater solar radiation, higher 
temperature and lower relative humidity pre- 
vailing during the flowering period at Srivilii- 
puth|ir bring about the changes. 

It is well known that heat and light stimulate 
the growth of a plant, the action being either 
direct or indirect. Each character has different 
ranges of temperature favourable for growth and 
as such the rate of development of a particular 
character may depend on the rise or fall in tem- 
perature up to a certain point [Stiles, 1936]. In 
the case of cotton, it appears from the present 
study that the higher temperature (within the 
range studied) accelerates the rate of length 
development and the rate of secondary thickening 
while it retards the sprouting of fibres on the seed 
and the size of their diameter. 

Regarding the number of fibres sprouting on 
the seed, Balls [1915] has stated that it is influenc- 
ed by the environment on the day of flowering. 
Later workers, e.g. Gulati [1930], Ayyar and 
Ayyangar [1932] and others, have showm that 
further sprouting of fibres also takes place after 
the day of flowering. The present results do, 
however, point out that environment does in- 
fluence the production of fibres on the seed, the 
reduction in number being associated with higher 
temperature, greater solar radiation and lower 
humidity. By cutting sections of seeds of different 
ages, from both the places, it is proposed to verify 
by actual counts whether the number of fibres 
sprout is less at Srivilliputhur and if so at what 
stage. Studies in this direction are in progress. 

It is of interest to note here that the production 
of smaller number of fibres per seed is associated 
with longer length and finer cell diameter. 

The differences observed in the foregoing may 
have been caused by conjoint effects of change of 
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both place and. season. By growing the. same 
strains in both places' during the same ^ season it 
would be possible, to eliminate the effect of the 
season. This .was done during September .to 
March of 1939-40. It does not mean, ' however, 
that the effect of the ’seaso-ii is completely elimi- 
nated, for the climatic factors are not identical in 
both the places even during the same season. 
In fact, the' temperature at Srivilliputhur is still 
higher than that at. Coimbatore, though not as 
much higher as observed before. Five strains 
were grown at both these places and the differ- 
ences observed are recorded in the last columns of 
Table I. It will be seen that the seed weight, 
lint weight, ginning percentage and number of 
fibres per seed are significantly higher at Co- 
imbatore. The differences in the other characters 
are not significant. When these differences are 
compared with those previously observed, that 
is, when both place and season are different 
it will be seen that the variations in lint weight, 
ginning percentage and number of fibres per seed 
run parallel, though the magnitude of the differ- 
ence is less in the present case. This means that 
the production of fibres on the seed surface is 
influenced by both place and season. The in- 
creased length, reduced fibre weight per cm. and 
standard fibre weight and improved maturity are, 
however, caused by the higher temperature and 
solar activity and not place. 

It was stated above that the reduction of the 
lint weight and the number of fibres on the seed 
surface at Srivilliputhur was partly caused by the 
place. It has been mentioned earlier that even 
during the same season the temperature at Srivilli- 
puthur is greater. Therefore what is apparently 
due to the place may be due to the higher 
temperature. In that case even the smaller 
variation in temperature appears to influence the 
production of fibres. That means fibre produc- 
tion on the seed appears to be more sensitive to 
changes in temperature than fibre length, fineness 
or thickness development. 

Recent work by Anderson [1940] has revealed 
that the internal temperature of cotton bolls is 
considerably higher than the atmospheric tem- 
perature, when the bolls are exposed to sunlight. 
It is proposed to study the effect of temperature 
on the production of fibres, on the seed and other 
fibre properties by examining bolls exposed to 
sun and those covered from the sun’s rays. 

At Srivilliputhur the higher temperature is, 
as already stated, associated with greater 
quantity of solar radiation. The growing of the 
plants in a hot-house would eliminate the radia- 
tion effect, 'leaving the temperature effect alone. 
It would then be possibly to state whether the 
difference produced is caused by the temperature 
or by the solar radiation: Separation of the 
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two factors is important in view of the fact men- 
tioued by Stiles [ 1936 ] — ' marked response to 
eliaiigcs in temperature has been observed with a 
f(iw plants, but in general, temperature appears 
to ])lay a much smaller part as a stimulus than 
light and gravity b But absence of facilities 
stands in the way of this enquiry. 

COI^CLIJSIO]!^ 


The following points "are revealed by the present 
study : 

(1) At Sriviiiiputhur the fibres are longer, finer, 
iiiore mature but lesser in number on the seed 
than at Coimbatore. 

(2) The maturation period of the boll and the 
lengthening and thickening phases of the fibre are 
less at, Sriviiiiputhur. 

(3) The rate of length development and that of 
the secondary w^all deposit are higher at this 
place., 

(4) The improved length and fineness of the 
fibres and the reduction in their numbers per seed 
at Sriviiiiputhur appear to be caused by the 
higher temperature and solar radiation at this 
place. 
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Appendix 


The longitudinal section of a seed is more or ies,s 
like the figure A, B, C, D (Fig. 4). As a first approxima- 
tion the curved lines AB and A D may be ,replaced by 
straight lines AB and AD respectively. The perimeter 
then becomes the two sides of an isosceles triangle ABD 
plus the semi-circurnferenc© BOD. The surface of the 
seed is the surface of rotation when ABC revolves 



round the axis AC ; that is, the slanting face of a con© 
with base of diameter BD and slant Iieight AB 
plus semispherical surface of diameter BD. If 25 is the 
breadth of the ovule, BD, and 0 the angle ABD the 
surface area of the saed mxy be expressed 
as TT 6. b sec 0 -f 2 TT 6^ 

— TT 6 (5 sec 0 A 26) ( i) 

If I is tlm le ngth of the ovule, AC, then 

A V {i—br 

o 

so that (1) becomes = TT 6 v -f 26 ^ , |2) 

The perimeter of l^he section is 2 ’AB -f ,s©mi-circum-\ 
ference BCD = 26 sec 0 IT 6 

== 2 IT 6 

If we assume this section to have a thickness of d, 
equal to the diameter of a fibre of that section, then the 
surface area of the seed on which the fibres sprout will 


be given by (J ^ ‘“' j (3) 

The number of fibres produced on this section as 
counted may be called n. Then the total number od the 
whole surface of the seed, becomes from, 

(2) and (3) = - — != (4) 

d 2 y'(^_6)a4.6a+Tr j- 


-6)2+5»+ TT^l 


RESEARCH NOTE 


A PRELIMINARY NOTE ON THE USE OF SOME COMMON INDIAN FRUITS 
AND VEGETABLES IN MAKING JELLIES 

By P. G. Krishna, Ph.D., Agrieiiltiiral Chemist, Hyderabad, Deccan 

(Received for publication on 9 June 1943) 


Around Hyderabad city it has been a common 
practice for some decades of making jellies from 
guavas and wood apple. In making jellj^ with 
guavas four to six tablespoons of lemon juice is 
added to each quart of extracted juice from mature 
but not fully ripe guavas while the wood apple 
jelly is made without the addition of lemon juice. 

For the past two years some work in the use of 
custard apple fruit in making jams and jellies has 
been in progress and during this time other common 
fruits and vegetables have also been investigated 
in this connection. It was found that many 
common fruits and vegetables are better suited for 
lellying being richer in pectin content than the 
custard apple fruit. 

As a result of the work that has been done so far 
It might be stated that unripe but mature mango, 


wood apple and ambada {Hibiscus canimhinm) 
(red and white variet}^) form very satisfactory? 
material for making jellies, being quite rich in 
both pectin and acid. The jellies are clear and 
have varying sparkling colours which keep well 
over several months. Guavas, bcr, ballar, etc, 
make satisfactory jellies with the addition of re- 
quired acid and have attractive colours and also 
keep well. But in the case of those requiring acid, 
the fruit flavour is usually not quite prominent as 
the lemon juice added gives the lemon taste and 
flavour. 

Tamarind seed, b&r seed j^nd some millets also 
have considerable amounts of pectin but jellying 
even with the required acid is not satisfactory. 
Investigations with these and other fruits and 
vegetables are in progress. 





PLANT QUARANTINE NOTIFICATION 


Notification No, F, 16-5 (l)/43-JL., dated 10th May 

1943 of the Government of India in the Depart- 
ment of Education^ Health and Lands. 

In exercise of the powers conferred by sub-sec- 
tion (1) of section 3 of the Destructive Insects and 
Pests Act, 1914 (II of 1914), the Central Govern- 
ment is pleased to make the following order for the 
purpose of prohibiting, regulating and restricting 
the import of live fungi into British India ; 

1. In this order, ‘fungus’ means any living 
fungus in culture media or on living plants or any 
fungus spores or mycelium intended to be so cul- 
tured, but excludes dried specimens not intended 
to be so used. 

2. No fungus shall be imported into British India 
unless — 

(а) it is consigned to the Imperial Mycologist, 
Imperial Agricultural Research Institute, 
New Delhi, or 

(б) it is accompanied by a special permit, in 

accordance with the form set forth in the 
Schedule to this order, authorizing such 
importation issued by the Imperial Myco- 
logist : 

Provided that a permit shall not be refused in 
respect of any fungus which is not, in the opinion 
of the Imperial Mycologist, likely to cause infection 
to any crop. 

3. This order shall come into force with effect 
from 1 September 1943. 


SCHlBUnE. ■ 

Form of special permit mithorizUig importation of 
living fungi in pure mliure. 

1. Name, designation, and fuH address of the 

importer . 

2. Name of the fungus to be imported 

3. Country from vliioh importation is 

sought 

4. Whether importation is intended by sea, 

land or air ' 

5. Whether in its original home the fungus is 

a parasite, and if so, the name of the 
host plant 

6. Name, designation and address of the 

exporter 

7. Purpose of importation 

The above information is true to the best of 

belief. 

Date (Signature of the importer). 

I authorize the importation. This permit will be 
valid up to 

Date (Signature of Imperial 

Slycologist). 

IN.B . — The permit must ’be obtained in advance of 
sending the order. The tubes or other container of the 
fungus must be clearly and distinctly marked vith the 
name of the fungus, wMeh should agree -with the name 
on the import permit]. 
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ORIGINAL ARTICLES 


WHEAT GRAIN— CJHANGES IN ITS COMPOSITION 

By J. Walter Leather, ,Ph.B., F.I.G., F.C.S., Formerly Imperial Agrlciiltaral Cheniisfe 

(Received for publication on 13 October 1943) 

(With one text-figure) 


(The following paper on wheat grain written by the 
late Dr J, W. Leather has been found in the records of 
the Chemical Section of the Imperial Agricultural 
Research Institute. Dr Leather’s intention was to 
publish it as a Memoir of the Imperial Department of 
Agriculture in India, but evidently this could not be 
carried out before his departure on Military duty during 
the last Great War and subsequent retirement. In view 
of the originality of thought and work which anticipated 
modem trend of research in soil and plant chemistry, it 
is but fitting that the author should be given credit for 
the pioneering thought and work by publishing the article 
in the forin in which it was written in Dr Leather’s own 
hand over 30 years ago. Tlie paper is illustrated by 
& photographic copy of a sheet on which seeds of crops 
discussed were pasted by Dr Leather. — Viswa 
Nath.) 

During the last two or three years several 
papers have been published showing that the 
composition of wheat is subject to changes which 
have been referred to effects of soil or manure, or 
both. 

Hall [1904-5] quotes analyses of flour derived 
from wheat grown on th^e Rothamsted and 
Woburn plots, which exhibits differences in the 
amounts of total nitrogen and gluten, though 
no very simple relationship between the nature 
of the manure and the composition of the flour 
is discernible, and indeed the differences are only 
small ; the crops were, however, harvested in bad 
weather. 

La Clere [1906] produces evidence of the in- 
fluence which several factors have been found to 
exert on the amount of nitrogen in the grain and 
on the weight of the seed. Durum "wheat grown 
in arid or semi-arid sta«tes contained about 2*8 
per cent nitrogen against 2*2 in that produced in 
humid or irrigated states. Similarly Durum 
wheats which matured in a short growing period 
(100 days or less) contained about 2* 8 per cent 
nitrogen against 2*45 per cent in those which 
required,, ISO 'to '250 days. .■■■' 

The effect which varying proportions of lime 
and magnesia in soils have on the {piality of wheat 
,and barley is referred to by Voelcker [1907] 
who has found that as the relative proportions 
of lime and magnesia in a soil approach nearer 
and nearer to the ratio 1 : 1 so the wheat grain 
tends to become more and more glutinous or 
' bard % in other words to show more ' strength h 


Some changes in the composition of wheat having 
been observed in experiments at Piisa, a brief 
note on them will be of interest. 

For the purpose of some pot-culture, experi- 
ments, my colleague M.r A. Howard very kindly 
provided me with a few ears of hard-grey Ganga- 
jali wheat, which was sown in jars of local soil, 
some of which were unmanured whilst to others 
fertilizers were added. When the produce was 
harvested, the grain was found to vary consider- 
ably in appearance j that which had been grown 
with the aid of some fertilizers having become 
very starchy in appearance. The effect was 
quite uniform throughout the series of cultiva- 
tions and was so striking that it was decided to 
make a check experiment during the following 
season (1907-08). In this experiment some of the 
' glutinous ’ seed which had been obtained from 
unmanured soil, and some of the ‘ starchy ’ seed 
from soil which had been manured with calcium 
cyanamide and phosphate, were each grown (a) 
without manure and (b) with the aid of oil-cake 
and superphosphate in order to ascertain whether 
the changes which had occurred in 1906-07 could 
be reversed. At harvest this was found to have 
occurred, and the produce has been analysed, in 
so far as the material sufficed for the purpose. 

Before considering the composition of the grain 
which is set out in the subjoined statement It 
will be convenient to mention, the chief details 
regarding the cultivations. The soil employed, 
that of this Institute, is a highly calcareous one 
containing upwards of 40 per cent CaCO^ ; like 
all soils of the Indo-Gangetic alluvium the aiiiount 
of organic carbon and organic nitrogen are very 
small ; organic carbon=0*4 per cent, and organic 
nitrogen=0*05 per cent; the amount of phos- 
phate in a readily assimilable condition is umisually 
small and addition of superphosphate has a 
marked effect on all crops, hut addition of potash 
manures does not increase the yield. It is an 
extremely fine soil even for the alluvium, the 
particles of 75 per cent of it measuring less than 
0* 05 mm. and 08 per cent less than O' 15 mm., 
in diameter, and it holds about 25 lb. of water 
per cubic foot after drainage has ceased at the 
conclusion of the monsoon. Excepting then for 
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a deficiency of organic nitrogen and phosphate, 
it is an unuBoally fertile soil. _ ^ 

Both tiie proportion of moisture in the hou .m l 
the nature of the nitrogenous fertilizers omp%ed 
have diffoi'ed in the several expermients. Ihey 
are indicated against each specimen m ^the 
accompanying statement and it seems certain that 
?i3ts obtained cannot be referred to any one 
of these factors in particular. The effect of 
nitro<^enoiis manure alone is the same whether a 
nitrate, or calcium oyanamide or oil-cake is 
employed ; and a corresponding remark applies to 

the proportion of water in the soil. 

An examination of the statement shows how the 
proportion of nitrogenfell, and the starch increased, 
when grown in soil liberally manured vnth a 
nitrogen compound arid phosphate, whibt when 
the phosphate was omitted the reverse effect was 
produced. Grown without manure the composi- 
tion of the grain showed but little change. ^ 

Passin®* to the results of the second year s 
cultures, it is seen that from the seed grown without 
manure in 1906-07, a grain of higher nitrogen 
content was obtained without manure, whilst 
with the aid of oil-oake and superphosphate a 
oraip of low protein and high starch content was 
produced. Similarly fropi the ‘starchy’ gram 
produced by the aid of manure in 1906-07, a 
hivh nitrogenous grain was obtained without 
manure, and a ‘ starchy ’ one with the aid of 
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oil-cake and .suporpho.sphate. That is to say, the 
change in comiiosition was obtained at will. The 
araoimt of seed olitained from some of the jars 
(those without maiinro or with nitrogen only) was 
only small and was too small to admit of both the 
nitrogen and starch being determined. 

These results are interesting both because they 
are some of the most definite on record, and also 
because they draw attention to The fact, now 
becoming more generally recognized, that the 
character of a soil and its treatment may occasion 
marked changes in the compo,sition of the produce. 

The wheats were grown under circumstances 
somewhat different from those generaUy obtained 
in the field, and it is not suggested that the effects 
of manures would there be so marked as in pot- 
cultures, hut the general importance of the 
subject can hardly he over-estimated, and illus- 
trates both the advantage of combining chemical 
investigation with, botanical selection, and also 
the possible effect which the nature of the sod 
may have on the composition of at least the fuiit 
of plants. 
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Statemeni. slmoing the. composition of tvheat {whoh 
grain) 



Weight of f 

Nitrogen j Starch 

t 


1 100 seeds | 

percentage | percentage 

- Original seed 


2*57 
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- - - 

... . - 
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SOILS OF THE DECCAN CANALS 


V. INVESTIGATIONS INTO THE CAUSES OF SOIL DETERIOKATION UNDER INTENSIVE 
SYSTEM OP SUGARCANE GROWING, WITH SPECIAL REFERENCE TO THE 
CHANGES IN THE PHYSICO-CHEMICAL PROPERTIES OF THE SOIL : 

SOIL FERTILITY SURVEY ON THE NIRA LEFT BANK 
AND GODAVARI CANALS 

Bj J. K. Bash, M:Sc. (Cal.), Ph.D. (Bond.), Soil Physicist, Sugarcane Research Scheme 

for Deccan, Padegaon"^ and V. D. Taoaeb, B.So., B.Ag, (Bom.), Graduate Assistant 

(Received for publication on 22 May 1943) 

(With six text-figures) 


Since the introduction of canal irrigation in 
the Bombay- Deccan, sugarcane has occupied the 
most important place among the crops grown in 
this tract. The rapid growth of the sugar fac- 
tories in the proyince has given further impetus 
to sugarcane cultivation, and at the present 
moment the concentration of cane cultivation on 
the canals has almost reached its limit. Striking 
improvements in cultural methods coupled with 
the breeding of superior varieties are bringing 
forth phenomenal yields, and it has become a 
matter of the greatest concern for the well-being 
of the society to know whether this type of in- 
tensive agricultural practice is going to con- 
serve the fertility of the land for long. Unfortu- 
nately soil deterioration — apart from the question 
of water logging and salt efflorescence — ^being a 
slow process, there is no available means of asses - 
ing soil changes under a short period of cropping. 
It was for this reason thought desirable to under- 
take a detailed fertility survey of the soils of 
the older canals where sugarcane has been grown 
for a number of years. The Nira Left Bank and 
Godavari Canals afforded excellent opportunity for 
such studies where soils were brought under irri- 
gation for a fairly long time. In spite of certain 
inherent difficulties in this kind of survey it 
will he seen that these investigations have thrown 
considerable light on the problem, and have in- 
dicated in a general way the probable causes of 
soil deterioration and the lines in which further 
researches can profitably be pursued. It may be 
wxirth while pointing out in this connection that 
the value of this work has further been enhanced 
t>y eorroboration of some of these results in a 
series of farm experiments under controlled con- 
ditions which are running for the last 10 years in 
succession. The results of these farm experi- 
ments will be dealt with in separate papers. 
The object of the present study is (i) to examine 
critically the past history of the sugarcane soils 

*This scheme is partly subsidized by the Inaperial 
Couucii ef Agrieultural Research 


with a view to trace the causes of deterioration or 
otherwise of soils under the cultivators' systems 
of cane-growing, (n) to study the changes in 
soil properties under long continued cane culti- 
vation, and (ni) to correlate soil properties with 
soil fertility so as to arrive at an understanding 
of the significance of the soil factors which con- 
tribute to the fertility of sugarcane soils. 

SXJBVEY technique 

For the purpose of collecting information, 
only reliable and intelligent cultivators were 
approached who could supply the previous 
history of their plots for a number of years. 
It may be explained that as the cultivation of 
of sugarcane requires considerable outlay and 
incidental expenditure, it has to a large extent 
assumed the nature of commercialized farming in " 
the Deccan, and even the average farmers in the 
canal areas are of a more progressive type than 
those in the less developed areas. The accounts 
of gul produced and manure applied for certain old 
plots are available with some of the advanced 
cultivators, and from Irrigation Departmental 
records it is possible to , verify approximately the 
^number of years certaiu survey numbers have 
been brought under cane cultivation. Conse- 
quently the collection of such information was 
less difficult than would be expected on ordinary 
non-cane farms. Attempts were made to get in- 
formation on the following points : 

(^) Mamirial history, 

(u) Yields of sugarcane or gul, 

(m) System of rotations practised, 

(tv) Cultural operations usually followed, 

(v) Approximate quantity of irrigation water 
applied, 

(vi) Nature of drainage and other subsoil 
conditions, 

(vii) Typical weeds, and 
{viii) Other informations if any. 

The soils were then grouped into two classes, 
deteriorating and non-deteriorating, the crite- 
rion being the calculated quantity of nitrogen 
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required to produce a 40-ton crop of cane per 
acre in successive periods. 

Surface soil (0-12 in. deep) samples were ‘"col- 
lected from such representative plots of which the 
above information wm available, samples being 
made composite of six to ten random samples 
taken over the entire plot depending upon 
the shape and size of the plot. In order to com- 
pare the effect of irrigation and cane-growing 
on the soil changes similar soil samples were 
also collected fi'om a fallow or a dry plot near the 
cane plot which was never under irrigation and 
represented as far as possible identical soil and 
subsoil conditions. Wherever possible soil 
samples were also collected separately from eight 
months’ blocks where other irrigated crops but 
cane have been taken previously. 

The results of the survey are described below : 

(A) Old canal — ^Nira Left Bank Canal, 

(B) Moderately old canals — Godavari Canals, 

(C) Soil factors responsible for fertility of 
surgarcane soils. 

Pbesentatiok of data 

(A) The Nira Left Bank Ganal 

This canal was opened in 1885 but the cane 
cultivation did not spread much till the year 1892 
when the area under cane reached over 1,600 
acres, the main crops under irrigation prior to this 
year being wheat, jowar^ bajri and to a certain 
extent groundnut. The area under cane, how- 
ever, began to increase rapidly from this year and 
rose to a figure of over 4,000 acres by 1894, and 
by 1903 the acreage under cane was well over 
8,000. The Saswad Malis who took the land on 
lease, having no permanent interest in the land 
began to exploit it to the maximum extent, and 
In order to raise a bumper crop they began to use 
very heavily ^irrigation which soon resulted in 
extensive soil damage in the form of waterlogging 
and salt efflorescence. These damaged lands 
had to be left out of cultivation and new lands 
acquired until the fully damaged lands formed 22 
per cent of the total cultivable area in 1925, and 
34 per cent by 1930 on this canal [Inglis and 
Gokhale, 1934]. In spite of these disasters the 
acreage under cane rose to near about 14,000 by 
1927-28, and cane cultivation became a well- 
established practice on this canal from this time 
onwards. 

Apart from the above-mentioned damages 
due to waterlogging and salts there were reasons 
to believe that certain soils were actually * losing 
heart due to intensive cane cultivation, and more 
and more manures were required to be put in these 
soils every year to secure their former yields* 
In the discussions that follow only this type of 
soil deterioration will be considered. 


Behamonr of earn soils. Seventeen cane soils 
have been selected from various representative 
places from the whole length of the Nira Left Bank 
Canal whose complete histoiy is known. Prom 
the previous history, it has been possible to 
classify these soils under two groups from the 
point of view of fertility : (a) soils , which are 
either improving or remaining stationary, i.e. 
non-deteriorating,, and (5) soils which are dete- 
riorating. These are shown by arrows in Pig. 1. 
In this graph the soils have been' arranged in 
order of descending fertility, this being calculated 
as number of tons of canes produced per 100 Ih. 
of nitrogen. Other infoonation such as soil depth, 
actual yields of cane and manures applied, and 
some important soil properties are also shown 
graphicafly against the soil numbers. It will bo 
evident that the more fertile soils are not deterio- 
rating with the exception of one soil, e.g. No. 45, 
It will be also noticed that generally speaking the 
shallower types of soils fall under group (a) where- 
as the heavier soils fall under (6) under the exist- 
ing systems of irrigation in agriculture. 

Generally there are four major factors which 
affect soil fertility, and are responsible for the 
deterioration or otherwise of soils. They are — • 
(^) quantity of irrigation water, (ii) tillage opera- 
tions, (in) manuring and (iv) crop rotations. 

(i) Since the quantities of irrigation water 
are never measured by the cultivators, nothing 
definite can be said about the quantity of water 
used in cane cultivation excepting the fact that 
there is a general tendency among the culti- 
vators of over-irrigating (water being charged on 
acre basis) rather than under irrigating theii* 
plots. The dose of water may work up to 140 to 
160 acre-inches in most cases. 

(ii) The cultural operations for cane are not 
very dissimilar, the usual practice being three 
ploughings by iron plough, ridging, weeding, 
inter-culturing and earthing up. Pxior to 1909 
wooden ploughs were universally used, 

(in) About manuring more definite infonnatioii 
is available. General trend in the present-day 
manuring is to diminish the doses of nitrogen, 
bulk of the reduction faEing on the quantities of 
farmyard manure used. A striking feature of the 
change consists in the introduction of sulphate of 
ammonia during the last decade. With the data 
avaEable at our disposal it is hardly possible to say 
any thing definite about the efficacy of this change- 
over in the manuring. However, there are evi- 
dences of a beneficial effect of this mixed manuring 
(i.e. mixture of inorganic and organic nitrogen) 
in deep soils. 

(iv) History regarding crop rotations in these 
soils is fairly reliable and we shall discuss now^ the 
merits of these rotations in different soils. In a 
shallow (<2 ft. deep), well-drained soil a three- 
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year rotation of oane— cotton — raU jowar or 
cane— rice and gram— jotf^ar or bajri (No. 12) lias 
proved successful in improving the fertility of 
the soil. Even a two-year 'rotation of can© — bajri 

{Nob. 8 and 9) or cane— — " "o r ' ^he^~ 

has proved beneficial. Exhausting rotation such 
as cane ratoon — bajri or jowar or rice (No. 49) has 
been found distinctly harmful in tfie long run. 
The actual significance of this is showji in Eig. 2. 
It will be evident that in the rotation cane — rice 
and grmi~-joivar or bajri the soil gets a rest for 
10 months during three years as contrasted with 
the cane — ^I’atoon — cotton, where only five months’ 
fallow is observed during the same period. If we 
take cane, ratoon, cotton and rice (because of the 
impounding water) as exhausting crops we find 
that under the first rotation the soil is under 
exhausting crops for only 17 J months as compared 
with 31 months out of a total of 36 months in the 
case of the second rotation. From this point of 
view cane — bajri rotation is also much better 
than cane — ^ratoon— cotton. 

In the case of deep soils (>4 ft.) all the soils 
are showing signs of deterioration excepting the 
soil No. 19 where a four-year rotation of jowar — 
bajri — ^rice — cane has improved the fertility status 


of the soil. Two-year rotation of cane — cotton or 
bajri or rice (Nos. 45 and 46) has definitely proved 
harmful while even a three-year rotation of cane— 
jowar— jotoar (No, 31) has not been able to re- 
tain the fertility of a deep soil. Fig. 2 illustrates 
the advantage of a four-year rotation over a 
two-year rotation of cane— cotton. There is thus 
23| months of fallow out of 48 .months in the 
first case as compared with five months out of 
24 months in the latter case. The periods occupied 
by the exhausting crops are 17^ out of 48 and 19 
out of 24 months respectively. Hence a four-year 
rotation in heavy soil appears to be quit© essential 
so as to allow sufficient period of rest for re- 
cuperation. 

Effect of mne growing on aoU / properties 

Some of the characteristic soil properties and 
the eftect of cane growing on these properties are 
discussed below. These are illustrated in 
Figs. 1 and 3. 

Exchangeable calcium. This property has been 
deteiinined according to the method of Crowther 
and Basu [1931]. The proportion of exchange 
calcium in the colloidal complex determines soil 
structure and other associated physical properties. 
A soil which contains a high percentage of this 
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base is thus most beneficial to crop growth. This 
is fairly high in most of the soils and reflects in a 
general way the potential fertility of the soils. 
It is of particular interest to note that generally 
the shallow^er soils (which in majority of eases are 
non-deteriorating) are richer in calcium colloids 
than the deeper ones the average figures being 
50*80 and 42*41 m.e. per cent respectively. 

Generally speaking this soil property is im- 
proved as a result of cane-growing. Tliiis there 
has been increase in exchange calcium in cane- 
plots over the corresponding plots without cane, 
ill 8 cases, and decrease in 2 out of 14 cases, the 
increases being more pronounced when compari- 
sons are made between cane plots on the one 
hand, and the fallow and dry cultivated^ on the 
other. The average of 14 pairs shows an increase 
of about 9 per cent over the control non-cane 
plots, non-det€uiorating soils showing greater 
increases.,;^ ■ 

Rate of .inerefMe in electrical conductivity of soil 
mhition. Sen and Wright [1931] have shown that 
the rate of increase in electrical condiictivit}^ is . 
an indication of the relative fertility of soils . Our 
results show that the rate of inerease in electrical 
conductivity is correlated more closely with the 
amount of manures applied than with the fertility 
status of different soils as indicated by yields of 
cane per unit nitrogen. This will be clear from 
Tig. 1. It is probable that the micro-organic 
activity i 5 increased by heavy manuring (organic) 
in caiie plots thus causing proportionately in- 
creased rate of electrical conductivity. Thus it 
is likely that this method will prove useful as a 


measure of the residual effect of heavy manuring 
in cane soils. In majority of cases (i.e. 10 out of 
14) the value has gone up in the cane plots over 
the control. It is, however, noted that non* 
deteriorating soils show greater increases than the 
deteriorating ones, the average increases being 
.30*91 and 20*07 respectively. 

Total soluble rsalts. Soluble salts present in 
soils have been determined by conductometric 
method using L and IST Soil Bridge [Davis, 
1927]. The valuevS of soluble salts in these cane 
soils are usually less than 0.5 per cent with the 
exception of soil No. 45 wiiich has got 0.93 per 
cent and is showing signs of deterioration. This 
value has increased in seven cases and diminished 
in six cases by caiie-growing aitliough the average 
value show's a slight fall. When only the fallow 
plots are compared with cane plots w'e find that 
total salts are lowered by cane-growing in every 
case. 

Soil reaction* This property has been deter- 
mined by quinhydrone method using Veibel elec- 
trode [Biilmann, 1924] and checked oceasioimlly 
by the colorometrio method. Tlie pH in water 
' varies ' between 8.09 to 8*55 while the WKOl pH. 
gives a range of 7.09 to 7.78. As a result of 
cane-growdng the pH value in water lias gone dowui 
in eight cases and remained stationary in five 
cases. Only in one case the value has gone up. 
pH value in A'KCl- has gone down only in five 
eases. The average values in both deteriiiiim^ 
tions show a slight low^eriiig. 

Gahium carbonate. This is determined by the 
Scheibler’s Oalcimeter as described in a previous 
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ptibiioatioR [1938]. All the soils are well supplied 
with calcium carbonate with the exception of soil 
No. :51 which, contains less than one per cent. 
Loss of this soil constituent has taken place by 
growing cane under canal irrigation in 12 cases 
out of a total of 14. If the average is worked 
out over all the pairs of plots it comes to a net 
loss of about 1 . 7 per cent or 30 tons per acre 
foot of soli during the entire period of cane- 
growing. 


Fallow m.fmr 


Djty vs. Cane 


Exchangeahle sodium. This property has been 
determined , by electrodialysis . [Basil, i931]. The 
values vary between 0*48 to, 1*16 m.e. per cent 
in irrigated plots while in dry plots, values as high 
as 6.95 m.e. per cent .are obtained. It, will be 
interesting to note from Fig. 3 that in the m.ajQ- 
rity of cases (12 out of 14) exchangeable sodium 
has gone down considerably as a result of cane- 
growing the average loss being about 70 per cent 
over the control non -cane plots. 
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Clay and silt. These are determined by the 
International pipette method [Keen, 1931]. Most 
of these soils contain round about 20 per cent 
clay while the silt contents vary widely from 20 ’ 6 
to 45.0. Increase in clay content has taken place 
in nine cases there being a fall in the values in 
five cases due to cane-growing. The average gain 
in clay during the entire period works out to 1 * 90 
per cent or 34 tons per acre -foot of soil. Similar 
increases in silt contents of soils are also observed 
on this canaL 


Humus, Determination of this soil consti- 
tuent has been done according to the method 
of Sigmond [1927] by extracting the soil with 
sodium carbonate solution. The values are 
generally very low in these soils and rarely exceed 
one per cent. Increases and decreases in humus 
have taken place in even cases as a result of cane- 
growing, there being only a shght fall as indi- 
cated by the average figure. 

Total nitrogen. This has been determined ac- 
cording to the modified method of Bal [1925]. 
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The' values range from 0,038 to 0.090 per cent. 
Generally speaking,' nitrogen contents of soils 
have been increased by cane-growiiig (10 cases out 
of 14). The average increase, however, amounts 
to only 0‘016 per cent or about 640 lb. per acre- 
foot of soil. 

Factors respo7mble for soil deterioration 

One of the most important soil properties which 
control the biological activities in the soils is the 
carbon/ixitrogen ratio of soils. The methods of 
determination of carbon and nitrogen, and the 
implications of this ratio on the question of soil 
fertility have already been discussed in a pre- 
vious publication [Basu and Vanikar, 1942]. 
In order to study how these soils, which have been 
under cane cultivation for a long time, indicate 
soil deterioration or otherwise when arranged 
according to the descending order of carbon/ 
nitrogen ratio, 17 cane soils of the Nira Left 
Bank Canal are graphically represented (Fig, 4) 
along with other soil properties like nitrogen 
organic matter, humus and per cent humified 
matter of these soils. Organic matter 


(O.M.) was calculated by multiplying organic 
carbon by 1.724 aceordmg to ■ the conventional 
method [Lc^ather, 1907] and the percentage 
humified matter obtained by using the formula 
xlOO where H stands for percentage of 
humus in soil. The soil deterioration or other- 
wise is indicated by arrows as, usual.. It will be. 
noticed from Fig. 4 (A) that soils having carbon : 
nitrogen ratios higher than 15.0 are all showing 
signs of deterioration and for values below., this, 
there is a tendency for improvement. 

The dotted line shows the nitrogen conte,nts 
of different soils. Usually, soils having, wider 
ratios show lower nitrogen contents. In Fig. 4(B) 
the shaded portions represent the humus contents. 
It will be evident that the deteriorating cane 
soils show lower humus than the non-deteriorat- 
ing ones. The total organic matter shows simi- 
larly higher average figures for the non- deterio- 
rating when compared with the deteriorating ones. 
It is also to be noted that the improving soils 
contain mostly higher percentage of humified 
matter than the deteriorating soils, the averages 
being 36.42 and 21.60 per cent respectively. 
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Fig, 4. Soil deterioration as indicated by carbon : nitrogen ratios and other associated soil properties. (N.L.B.O.) 
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(B) The Ciodavari Ganah 

Both tlie Bight and Left Bank canals were 
opened siiiiiiltaneonsly in 1911-12, and they soon 
aitracted lot of cultivators especially the cane- 
growers from the Xira Loft Ba.nk canal who 
w(n’o by this time fjxperts in art of caiie-grow- 
fiig. These soils 'wore \lrgin and umia,maged by 
irriga-tioii, and farmyard mnnuro was available in 
plenty, and hence tlicse cm.iials flon risings iR R 
very short time, and tin:? c;,in(‘- area rose from 480 
acres in 1912 to over 4,0(K) acres by 1916, and 7,000 
acn,?s by 1918. Aft fa* the last Gi'eat War, the 
prices of rjul went np vcf'y liigh, and in order to 
.s<?ciire wry heavy yields, cultivators began to 
use enonnons doses of inanun? a.nd vaiter. Water- 
logging and salt effloresctmce wei'o the inc?vitable 
resnlts. Tlie damaged lands formed 89 ])er cent 
of the total area under ca:rie in 1925 and 42 per 
cent in 1929 [Inglis and rClokahle, 19,34], As a 
consequence of such wide-sp:read damage the 
area under caiie began to dwindle down— from an 
a(?reage of 9,500 in 1925 it tell to 3,500 by 193 L 
How the soils .behaved under ■ such intensive 
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gyste.in of . ca:iie cultivatio,n whe.re ratooiii:ng is a 
special feature will be the subject matter of dis- 
cussion in this section.; 

Behaviour , of mne soils. Twenty-one typical 
cane soils from the Godava.ri B;lght Bank and 29 
soils from the Godavari Left Bank w^ere .selected 
for this study. Unlike the , Nira Left Bank Canal, 
these soils had cane only from 4 to 12 years with 
varying pe:riods of rest (frQ:m cane-growing) when 
dry crops were taken. Hence it afforded us an 
opporti'inity of studyirig soil deterioi’atioi'i under 
a shorter period of cane-growd.ng. In Fig. .5,,, t,he 
soils are arranged according to descending o,rder 
' of fert:ility which is calculated from tons of cane 
produced per 100 lb. :aitrogen'. ' Actual tons of 
cane prodT,iced per acre :as w^'cli as nianures in 
ter,m.s of , nitrogen are also shown graphically 
while the soil depth over mmrwni are give:n .below 
the soil numbers. Years u:nd,er cane and dry 
crops, are showi:i , by oo.lu:m:ns against . each soil 
number while the soil deterioration and improve- 
me.nts in the productivity of soils are indicated 
by aiTO'ws. In order to examine these' soils 
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Fig, 5. Fertility status of soils as indicated by cano yields and manuring in terms of nitrogen. (Godavari Canals) 
more closely they have been divided into tw'o arbi- manure intersect, i.e. soils which produce more 
trary groups— fertile (group I) and loss fertile than 10 tons of cane per 100 lb. of nitrogen are 

(group II)-— by drawing a vertical lino at the taken as belonging to the ' fertikU groui-) and 
junction where the curves of actual yield and others which give 10 or less, as ' less fertile ' soils : 
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The most noticeable thing that cjan be seen from 
Fig. 5 is that the more fertile soils are deteriorating 
less than the less , fertile soils. Tims on the 
Godavari, Right Bank Canal, we fi,nd two ont 
of eight soils in group I deteriorating as a.gainst 
11 out. , of 13 in group 11. On the Godavari 
Left Bank Canal there are 4 detca'iorating -soils 
out of a total of 15 in group I whereas in group" .11 
-8 out of 13 soils are deteriorating. Similar 
ohservations were also made in case of the Mra 
Left Bank Canal, .As the exact natiire of crop 
rotations as well as the soils differ considerably 
on the two canals the disciissioiis on the soil 
deterioration as affected by crop rotations are 
given separately below : 

On the Godavari Right Bank Canal soils exa- 
mined were under cane from four to nine years 
only. It will be apparent from Fig. 5 that soil 
deterioration is not manifested within four to 
five years of cane-growing unless the soil is a deep 
one as in the case of soil No. 119. When Ave take 
soils under six years of cane it is noticed that the 
fertility goes down in most cases Avliere cA^en a 
four year’s rest (from cane-growing) is giAmn, 
excepting is two cases, i.e. No. 80 and 58, the former 
being a shallow and the latter a heavy soil. The 
rotations cane — ratoon — hajri and gram — hajri 
adopted for the first and cane — ratoon — bajri and 
gram — sunn for the second^ — seem to be responsible 
for the niaintenance of fertility in the above cases. 
Cane grown for a period of Beren years Avith rest 
period up to three years has caused soil deterio- 
ration Awhile in soil No. 70 where seven years of 
rest were given, the fertility has been maintained. 
With eight years of cane, the same rotation of 
cane — mtoon— bajri and gram — hajri seems to be 
the best (No. 79). Under eight years’ cane there 
is an abnormal case (No, 89) of a shallow soil 
Ayhicli has kept up the fertility even under 
very trying conditions of rotation, damely, cane — 

3 ratoons-—oottoii — cane — 3 racoons. But this 
must be ascribed to the exceptional fertility of the 
soil — the ]uost ferrilo of the lot {.Fig, 5). There is 
only one soil with niiie years of cane (No. 94) 
wherti the rotation caiie—ratoon— — bajri 
lias not beei,i able to I'etain the productivity of the 
soil. EAudeaitiy, two years of r<‘.st from canc- 
growing are insufficient to mainta-in the fertility 
of a shallow soil in the long run Avhere a crop of 
cane and a ratoon are taLcn. In the deeper soils 
(>4 ft.) deterioration starts earlier ])iit no generali- 
zation can be draAvn from the data of this canal 
as there are only a feAA^ deep soils examined 
here. 

On the Godavari Left Bank Canal, shallow soils 
shoAA^ deterioration only after 11 to 12 3 '^ears^of 
cane-growing while in the ease of deep soils, 
deterioration is found to take place even after 


five to six years of cane. Uiifortiinately on this 
canal no fixed rotation has Iacoii folic nred as 
in the case of the Right Bank. Among tha. non- 
■ deteriorating shallow •soil‘d, there is one soil (No. 
187} under 10 years of cane An‘th sfA'cii years rest 
from cane, and throe soils (Nos. 161, 1B3 juid 151) 
under nine- years of cane A^itli eiglit, seven, and 
three years’ rest 'respectivoly, the b<4iavi<'mr of 
the last-mentionefi soil being exceptional as It 
had in succession tlirc^e, tAVo and one ratoon Avltli 
inteivening hajri crop. TTnder II a.nd 12 Aoars 
of cane all soils ha-vo shoAvn signs of detrnioratioii 
but the rest-periods from cH.ne-growing arc, how- 
CATcr, eA^en less than the ixriods of f•alU‘-gro^ving, 
and lienee it is not possil>lo to say Avhether the 
fertility of the soils could liaA'o been maintained 
if siiffieieiit periods of rest wore proAuded. Among 
the 14 deep soils (>4 ft..) only five soils haA'e dete- 
riorated under Amying years of cane-groAring (i.o. 
hetAAaeen 5 and 8 years). It aaIII he interesting to 
note in this counectioii that the incidence of soil 
deterioration among the deejier soils is much less 
on this canal when compared with' those e.ither 
on the GodaA^ari Right Bank or Nira .Left Bank 
"Canal. The presence of a very well-drained soil 
on the Godavari Left Bank Canal probably 
accounts .for the abovementioned anomaly. It 
is a deep black cla^r loam, 5 to 8 ft. deep, om^r-' 
lyi.ng a yelloAAdsh Avhite alluvial deposit. Tliiis 
Avliile cane — ratoon — bajri — rotation has not 
been able to retain the fertility of a deep, soif 
(No. 129) OAum after eight years of ca.ne-g.roAA/ing, 
the same rotation Avas .found to conserA^e tlie soil 
fertility in the case of so-ll No. 152 Avhich comes 
under, this well-drained soil .type. Instances' of 
such abnormal fertility Avill be seen in so.i.l. ..Nos.,.' 
146, 165, 147 and 127;' 

Effect of earie-tjrommj on soil properiia^ 

A comparative stateiiKait showing the number 
of cases Avhere increase, decrease or no oha.uge 
has taken place in the various soil propcrt,ies as 
a result of cane growing and the net aAun’agf) 
change over the pairs of plots (dry and irjigated) 
in each canal is given in Table I. .Furtlier to test 
to Avhat extent these results are statistically 
significant, the data for both the banks, i.e. for 
48 pairs of soils under varying years of cane-growing 
(from 4 to 12 years) are analysed for th<> important 
soil properties. For analysis of variance^ the 
total of 95 degrees of freedom is split up hi to its 
components as under : 

Buo to (if‘) irrigation . 

(i$) years 

(m) interaction of (■?*) and ('ii) 


: n 


Total 95 degrees 


(^V) residua! error 


78J 


of freedom 
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Tablsj I 

Effect of cane-growing on soil properties 
{Godavari Canals) 


Incimse or deereas© due to cane -growing 


Soil properties 

Godavari Right Bank Canal — 
Number of eases 

Godavari Left Bank Canal — > 
Number of eases 




+ 


0 Average 

+ 

— 

0 Average 

Exelians-eable calcium 



13 

7 

0 -f- 1 • 25 m.e. per cent 

13 

15 

0 -f- 1 * 27 m.e. per cent 

Rate of increase in conductity 


12 

• 8 

0 4- 4: *38 per cent 

20 

8 

0 4-20* 14 per cent 

Total soluble aalts 



14 

5 

1 — 0*024 per cent 

12 

15 

1 — 0*029 per cent 

pK in water 

• • 


6 

14 

0 —0*032 

8 

18 

2 —0*054 

i>H in N. KGl 

# ♦ 

' « • 

7 

10 

3 —0*024 

5 

19 

4 —0*078 

Calcium craboaates 

• • 

• m 

4 

16 

0 — 0*92 per cent 

12 

16 

0 — 0*51 per cent 

Exchangeable sodium 


« • 

9 

8 

3 - — 0 • 53 m.e. per cent 

6 

22 

0 — 0*38 m.e. per cent 

Clay . . . , 


• » 

13 

5 

0 -f- 4 *40 per cent 

10 

7 

2 -f- 2 • 08 per cent 

Silt . 

« • 

« • 

8 

10 

0 — ^0*96 per cent 

9 

15 

1 — 0 • 82 per cent 

Humus 

« * 

« • 


12 

0 — 0 • 07 per cent 

8 

20 

0 — 0*10 per cent 

Nitrogen 

• « 

• « 

11 1 

! 7 

2 -f 0*001 per cent 

23 

4 

1 4-0*011 per cent 

Available phosphate 

# • 


9 

9 

2 -f 0*001 per cent 

21 

4 

3 4- 0 • 003 per cent 


Table II 


Effect of cam-growing on soil properties — Statistical significance of 48 pairs of soils {Dry vs, cane) 

{Godavari Canals) 


Soil properties 

Observed value of z 

Expected value of z for 

1 per cnet point 


Significance 


Bae to 

Irrigation 

Years 

Inter- 

action 

Irriga- 

tion 

Years 

Inter- 

action 

Irrigation 

Years* 

Interaction 

Exchangeable calcium 

—0*9144 

0*0303 

—0*8998 

0*9462 

0*4604 

0*4604 

Not significant 

Not signifi- 
cant 

Not signifi- 
cant 

Rate of increase in conductivity 

I 1*3413 

0*5705 

—0*0445 

0*9462 

0*4604 

0*4604 

Highly signi- 
cant 

Highly sig- 
nificant 

Do 

Total soluble salts . 

—0*6703 

—0*3608 

—0*9824 

0*9462 

0*4604 

0*4604 

Not significant 

Not signifi- 
cant 

Do 

pis. in water . . , 

—0*1008 

0*4876 

0*0500 

0*9462 

0*4604 

0*4604 

Bo 

Significant 

Do 

Calcium carbonate . 

—0*2923 

—0*0029 

—1*1933 

0*9462 

0*4604 

0*4604 

Bo 

Notslgiai- 

ficant 

Do 

Humus ..... 

—0*5809 

—0*7154 

—1*2454 

0*9462 

0*4604 

0*4604 

Bo 

Bo 

Do 

Nitrogen ♦ . , 

0*8482 

0*0222 

0*7366 

0*9462 

0*4604 

0*4604 

Bo* 

Bo 

Significant 


* Significaiit for 5 per cent point in the case of irrigation 
A summary of these analyses is given in Table 
II. These results are briefly discussed below. 

Exchangeable calcium. On the Right Bank 
majority of soils have gained in this property under 
irrigation and cane-growing, whereas on the Left 
Bank the cases of gain and loss are almost equal. 
However, the net result is a gain on both the 
canals of 1.25 and 1.27 m.e. per cent per plot 
respectively. On referring to Table II, it will 
be seen that neither irrigation nor years (of cane- 
growing) has any statistically significant effect 
on this soil property. Considering the intimate 
relationship existing between the nature and 


amount of soil colloids in the soil profiles and the 
morphology of different soil types [Basu and Sirur, 
1938] it is very likely that the effect of irrigation 
on this particular soil property may be entirely 
‘dependent on the genetic characteristics of these 
soils. 

Bate of increase in electrical conductivity. On 
both the canals, majority of soils have shown an 
increase in the property due to irrigation, the 
Right Bank showing an average increase of 4.38 
per cent and the Left Bank of 20.14 per cent per 
plot. Statistically it will be observed that both 
the effects of irrigation and years are highly 
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significant. It seems probable that the rate of 
increase in electrical condnctivity is independent 
of soil types. It has already been referred to in 
a previons section that the rate of increase is 
coirelated more, closely with the amotint of manures 
applied than with " the inherent fertility of 
different soils. 

Total solvhle salts. On the Right bank more 
soils have gained in total salts whereas opposite 
is true for the Left Bank. Magnitudes of these 
changes being very small, the net result is nil 
on the Right Bank and a slight lowering on the 
Left Bank soils. As the changes due to irriga- 
tion are practically very little, there is no statis- 
tical significance observed in this property. 

fioU reaction. Effect of irrigation is to lower 
the pH values and exchange acidity in _ most 
cases, but there are certain cases where it has 
raised the values. Met result, however, is a slight 
lowering of the values on both the banks. On 
referring to the statistical table it will be seen 
that the lowering is only significant in the case of 
‘ number of years ’ which indicates a slow but 
definite influence of irrigation on soil reaction. 

Calcium carbonate. Losses in calcium carbonate 
Tinder irrigation are general on both the canals, 
although there are more erratic values on the 
Left Bank than on the Right. The net result is a 
loss in both cases, being 0'92 per cent and 0*51 
per cent per plot on the Right and Left Bank 
respectively. Statistically, however, no signifi- 
cance is obtained. 

Exchangeahle sodwm. This soil constituent has 
been lowered in the majority of cases on the Left 
Bank while on the Right Bank number of cases 
is about equal for both gain and loss. The net 
result is, however, a general lowering of 0.53 
m.e. per cent and 0*38 m.e. per cent respectively 
for the Right and Left Bank Canals. 

Clay and dlt. In majority of cases, the per- 
centage of clay has increased on both the canals, 
the average increases being 4*40 and 2.08 per 
cent on the Right and Left Banks respectively. 
Slight decreases in the percentaga of silt are, 
however, noted on these canals, significance of 
which will be discussed later, 

HumMs, It will be observed that there is a 
general tendency of lowering of humus by care- 
growing but the average figures indicate a very 
slight loss on the whole. ' Analyses of variance 
also do not show any statistical significance either 
for the effect or irrigation or number of years 
under irrigation on the humus contents of soils. 

Total nitrogen . — It will be observed that cane- 
growing has generally increased the nitrogen 
contents of soils in the case of both the canals. 
Statistical analysis of these data also indicates 
that the effect of irrigation is significant for 
p=:0.05 whereas for interaction between 'irriga- 


tion’. and * number 'of years’ the z value is 

highly significant fi.e. for F--0.01). 

Available fhof^yhoric acid. On the Godavari 
Left Bank Canal the majority of canc^ soils , show 
higher available pliosplioric acid by Tniog’s 
method [Wright, 1934] than the non-cane soils 
while oil the Right Bank Canal there is an equal 
number of so.ils showing increases and decreases 
d.ue to cane-grovung. However, in both cases 
there are net gains in available phosphoric acid 
when the averages are taken of all pairs of plots. 

Factors responsihh for soil deteriorafion 

In Fig. 6 (A and B) cane soils of the Godavari 
Right and Left Banks have been shown in order 
■of descending C/N ratio, indicating the deteriorat- 
ing and non-deteriorating soil by means of ar- 
rows. Other relevant soil properties like organic 
matter, humus, per cent humified matter and nitro- 
gen are also indicated by appropriate lines and 
shading. Most striking thing to note is the fact 
that above certain limiting C/N ratio (i.e. above 
15.0 ) all soils are showing signs of deterioration 
in both the canals. It will be remembered that 
similar observations w’ere also made in connection 
with the soils of the older canal— i.e. the Nira 
Left Bank Canal. Coming to the nitrogen curves, 
it will be seen that unlike the Nira Left Bank 
Canal soils, the soils with wider C/N ratios show 
higher nitrogen contents in these canals. Similar- 
ly both organic matter and humus contents are 
higher in the soils with wider ratio which is not 
the case in the Nira Left Bank Canal. Explana- 
tion of this anomalous behaviour will be given 
later. So far as the per cent humified matter 
is concerned, the Godavari Left Bank Canal soils 
are shovdng higher values for the non-deteriorat- 
ing than the deteriorating ones, the average figiires 
being 32.91 per cent for the former as against 
24.16 per cent for the latter. In the Right Bank, 
the deteriorating and non-deteriorating soils show 
equal average values. 

(C) Feriility of sugar-^carie 

It is already known that the factors responsible 
for soil fertility differ according to variations in 
climate, soil and crop. In order therefore to 
find out the most important soil properties which 
are primarily responsible for higher productivity 
of sugarcane soils in the Bomhay-Lecean, 31 
typical soil samples were collected from the Nira 
Left Bank and Godavari Canals where reliable 
history of manuring and cane yields was available. 
The following precautions were taken in order to 
get comparable results of soil analysis : 

(a) All the soil samples were collected in the 
month of November, within a fortnight, so that 
the seasonal variation may he negligible. 
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Eia . 6, Soil deterioration as indicated by carbon : nitrogen ratios and associated soil properties. (Godavari Canals) 


(6) x411 the plots selected had cane in the previous 
year, and crops harvested either in January or 
February (of the year of sampling) so that the 
periods intervening between the harvesting and 
sampling were almost the same in all cases. 

(o) Samples were taken mostly from lands where 
cotton was standing ; in some cases the land was 
either woAet jowar or hajri but in no case legumi- 
nouB crop ivas there. 

{d) Composite sample was made out of 10 
individual first foot samples taken at random 
in each plot and analysed for important soil pro- 
perties. 

For the calculation of soil -fertility status (with 
reference to cane crop) nitrogen, required to pro- 
duce a 40-ton crop has been taken as an index 
figure. The soil numbers were arranged in order 
of descending fertility (i.e. requiring more N to 
produce a 40-ton crop) and corresponding soil 
properties entered below each soil number. The 
first 16 soils were arbitrarily taken to form a 
‘ more fertile group ’ (Group I) whereas the rest 
put in a / less fertile group ’ (Group II) to study 
the variatio.ns from the mean soil property (mean 
value for 31 soils) in each of these groujjs. In 
order to economize space only these final results 
are given in: TableTIL 

When contradictory results are not obtained in 
the two groups, the results a?e taken to re- 


present the fertility trend of the soils. Results are 
briefly stated below : 

pH in waier. In general, soils having jpH 
values lower than 8 *4 are more fertile than those 
possessing higher values. 

pH in N HGl—Similarly for pK in JKCl, 
values higher than 7*4 indicate lower fertility 
status. 

Calcium, carbonate. In the case of calcium car- 
bonate it appears that more fertile soils are 
associated with lower carbonate contents (<5*2 
per cent). 

Available phosphate. Higher available phos- 
phate (>0.07 per cent) contents indicate better 
fertility status of soils. 

Water-holding capacity. Soils possessing greater 
moisture-holding capacities {<C65 per cent) are 
usually those which are more fertile. 

Nitrogen, nitrate, clay, exchange calcium and 
rate of increase in electrical conductivity show 
contradictory results in the two groups and hence 
no conclusion could be drawn. 

In the case of available potash and humus, fer- 
tile soils are associated with lower K20 ( <0 *03 
per cent) and lower humus ( <0 * 8 per cent) which 
fact cannot be explained at present. 

From the above it will be apparent that al- 
though there is no strict relationship between 
soil fertility and the various soil factors, there is a 
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Table ITT 

Frequencf^ fable sliowmg ike mmiber of cases occurring ahom and below fhe mean mines of mil properlies in 
the. 'moreferidle' (Group I) mid ' less fertile^ (Group II) mil groups — ~Nira Left Emik 

mid Godavari Canals 


Soil pro;p 6 rti 0 S 

Mean value for 31 
soils 

Croup 3 

' (More fertile soils) 
No. of cases out of 

15 soils 

I Croup ,11 

(Loss frrfciic) soils) 

No. of «.!aso 3 out of 

1 6 soils 

Values 
above the 
mean 

I'aiiios 
below the 
nieari 

Tallies 
above tlio 
mean 

Taluos 
below the 
mean 

in wate^r ...... 

8*39 

5 

iO 

9 

7 

j5HiiiN..KCl ....... 

7-37 

6 

9 

10 

0 

Caleinm earbonte ..... 

5* 19 per cent ! 

0 

9 

8 

8 

Nitrogen ...... 

0*083 per cent 

() 

9 

7 

9 

Available pliosplmte . 

0*069 per cent | 

1,0 

5 

7 

i 

Available potasli .... 

0* 030 per cent • 

5 

10 

10 

6 

Nitrate 

0*296 mg. per j 

7 

8 

4 

12 


100 gm. soil j 





Irliimus 

0*83 per cent | 

6 1 

9 

10 ! 

'■'€ 

Clay 1 

53 * 23 per cent j 

7 1 

8 1 

7 i 

9 

Maximum water bolding capacity . . . 

04*71 per cent 1 

8 

7 ' 

' 6 ^ 

10 ' 

Excbangeable eaicitim . ' 

66*16 m.e. per cent j 

8 " 

7 

10 1 

6 

Bate of increase in electrical condnctivity . : 

i 

1 24 * 49 per cent | 

8 ", 

7 

10 1 

I 

6 


general trend in the ease of at least five soil 
properties. Generally speaking the more fertile 
soils are characterized by lower values (both in 
water and N KCl^ and lower calcium carbonate 
but higher availabie phosphate and higher water- 
holding power. Want of a closer relationship 
may be due to the fact that the variations in soil 
t 3 rpes may be responsible for the changes in the 
limiting values in soil properties beyond which 
the yields of cane crop are affected. 

Genbbal discussion and conclusions' 

The question of the effect of crop-growing on 
soil fertility has attracted the attention of various 
workers. There are two aspects of this question 
to be considered : firstly there is the immediate 
effect or growing a crop on the succeeding crop, 
and secondly the ultimate effect on the soil as a 
result of long-continiied crop-growing either singly 
or in rotation with other crops. In a previous 
paper [Basil and Sirur, 1943] the effect of various 
rotational and green manuring crops on the suc- 
ceeding cane crop has been fully discussed with 
special reference to soil tilth and other fertility 
factors. In the present paper data have been 
presented on the long-continued effects of cane- 
growing on soil fertility as revealed by a survey 
of sitgarcane soils of three major canals of the 
Bombay-Deccan. The present position of this 
work is briefly reviewed here. 

General trend in soil fertility dm to cane-growing 

It has been pointed out in a previous communica- 
tion [Basin 1942] that although there is no 


siijgle absolute method of assessig soil fertility 
it is nevertheless possible by acloptiag sevciral 
methods at the same time to approach to a fair 
understanding of the fertility ' status of a soil. 
To determine tlie fertility changes due to cane- 
eropping the straight-forward means of analyzing 
soils from pairs of adjacent plots— one having 
cane for long time and the other where no : cane 
was ever taken — had to be resorted to. , The 
'results of these soil changes are discussed under 
three broad heads, : (i) Physical, (tH) Plant nutri- 
ents, and {Hi) Biological status. 

Among the physical properties . studied, taking-. 
fi.rst the changes in the mechanical composition 
of soils it is interesting' to observe that the per- 
centage of clay has increased due 'to cane-growing 
on all the canals. Two explanations can be 
offered : (a) mechanical breakdown of the coarse! 
particles as a result of intensive agrieiiltiirar 
operations associated with cane-growing, and 
(5) addition of fiiun* suspended materials from the 
irrigation water specially during the monsoon 
months... The decrease in silt on the Godavari 
Canals, however, can partly be accounted for by 
assuming, mecbanical breakdown of silt particles 
whereas in the case of the older canal (Kira Left 
Bank) where both clay and; silt .have increased 
it may be taken that this process' of disinteg- 
ration has extended to coarse and .fine sand frac - 
tions as well. 

Exchangeable bases (i.e, ealciiim , and sodium 
which have been determined in this survey) show 
interesting relationship in all the canals. There 
has ' been ' a general increase in calcium colloid 
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while a» fall is noticed in sodium colloid (though 
not in equal amoimts) as a result of cane-growing. 
As can be expected the older canal has shown 
greater changes when compared with comparative- 
Ij: newer canals. That the increase in exchange- 
able calciuiii at the expense of the other bases 
including sodium, is a natural pedogenic process 
in these calcareous soils when brough under irri- 
gation with proper drainage, has been dealt with 
at length previously [Basil and Tagare, 1943], 
and need not be discussed here further. This 
improvement in soil colloids is reflected in slight 
lowering in values in all cases. As in this 
survey we have avoided atcually waterlogged and 
salt-affected soils the lowering in soluble salts 
has been, in general, rather small. 

As regards nutrient status, available soil data 
indicate that cane-growing has not exhausted the 
soil so far as total nitrogen and available phos- 
phoric acid are concerned. On the other hand, 
in the majority of cases there has been increase 
in nitrogen, the results of the Godavari Canals 
showing statistical significance. This is not sur- 
prising when we consider the manuring doses. 
Normally a cultivator’s dose of nitrogen in the 
manures applied comes to 400 lb. per acre, out 
of w'hich 250 lb. N is given as top-dressing (200 lb. 
Nas cake plus 50 lb. N as sulphate of ammonia) 
while the rest supplied by farmyard manure, the 
latter being, however, hardly available to the cane 
crop. Taking the data worked out by the Physio- 
logical Section of the Station, a 42-ton crop of POJ 
2878 obtained on a top-dressing of 225 lb. N 
(in the case of Pundia it is slightly less) can remove 
152 lb. N, 48 lb. P2O5, 300 lb. K3O and 151 lb. 
CaO from the soil. The average yield of cane 
being round-about 40 tons on these canals we 
find that a little more than half of the nitrogen 
supplied by the cake and sulphate is utilized by 
cane while the rest is generally lost by leaching. 
Of the 150 lb. N supplied by farmyard manure 
40 per cent remains in the soil according to our 
data of controlled experiments in the farm. The 
above manuring supplies in addition 211 lb. 
P2O5 and 181 lb. KgO. Thus taking into consi- 
deration even the leaching down of P2O5 by irri- . 
gation water (which is about 40 lb. P^Og annually) 
there remains a surplus of P^Og in the soil. Potash 
reserve of soil is, however, tapped by cane-grow- 
ing but as most of the Deccan soils are well 
supplied by potash this aspect has not received 
our attention in this paper. Lastly, coming to 
the consideration of losses of lime (carbonate) 
from soils we find a very heavy drain (about 4,000 
lb. per acre per annum) from all canals although 
the quantity removed by crops is small. This 
is expected as the percolating water in cane 
fields is Usually highly charged with carbonic 
acid dttc to intense root and bacterial activities. 
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Increase in the rate of electrical , conductivity 
in all the canals as a result of cane-growing 
indicates . that the biological conditions of these 
soils have been improved. On the Godavari 
canals, where statistical examination of data 
has been possible, it is observed that with 
increasing number of years of cane -growing 
this effect is more and more pronounced (i.e. 
highly significant for irrigation and years). 
Qualitatively it is also observed that this increase 
is correlated more with the amount of manures 
applied than with the inherent fertility of the soils. 
Thus it appears that cane soils develop a greater 
microbial activity due to the nature of manuring 
practised, which consists mostly of bulky organic 
matter. Respiration studies conducted on soils 
from controlled experimental plots at the farm 
also show that cane-growing increases the micro- 
biological activities of soils even when no manure 
is applied, but more so, when manured. This 
increased microbial activity is naturally expected 
to be linked up with increased carbon (energy 
material) in cane soils but unfortunately this 
comparative data for cane and non-cane plots 
are not available for all canals. In the case of the 
older canal — ^Nira — ^where it has been determined, 
considerable increase in carbon is actually observed. 
Humus (i.e. dilute alkali-soluble fraction) on 
the other hand shows losses in all canals, and 
this in all probability, can be explained as due to 
excessive irrigation as practised by the cultivators, 
which indue 3s mobilization of humus in an 
alkaline medium obtaining in the highly calcareous 
soils of the Deccan canals. 

Deterioration in cane soils and its causes 

So far we have discussed the general trend 
in soil fertility as a result of cane-growing. Now 
we shall examine what specific changes are 
observed when soils begin to show signs of deterio- 
ration, which is reflected in gradual lowering in 
yields of cane per unit nitrogen. Among the various 
soil factors examined in this connection 
consistent results have been obtained in the case 
of carbon/nitrogen ratio, which shows definite 
widening (usually greater than 15-0) in the case 
of deteriorating cane soils. Regarding the actual 
nitrogen or carbon contents of these soils no 
generalization can, however, be drawn as con- 
trary results are obtained in case of the Nira and 
Godavari Canals. When we examine the aver- 
age nitrogen doses applied in the past for the 
deteriorating and non- deteriorating soils of these 
canals the apparent anomaly becomes expli- 
cable. These figures together with the average 
data of soil analysis ar 3 given in Table IV, 

It will be seen that in the case of Nira Canal non- 
deteriorationg soils have received greater nitro- 
gen than the deteriorating ones, while reverse is 
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Table IV 

Average data for nitrogen applied to deteriorating and mnaleMrmrating , soils ^ and the nitrogm^ 
.mrbmi and hwniMs .contents of these soils — Nira Left Bank and' ^Qodajvwri Gmials 



Average 
mamire 
applied in 
terms of lb. 
ofN 

Nitrogen 
content of 
soil 

per cent 

0.rgariic 
carbon 
per cent 

Hiiiii'us 
per cent 

Ferceiifcage 

'HumifieH'l 

matter 

Nira Left Bank Canal . 

. D 

345 

0-073 

1*233 

0*42 

21*60 


N-D 

402 

0*099 

1*341 

0*82 

36*42 

Godavari Bank Canal . 

. D 

428 i 

0*076 

1*438 

0*55 1 

22*31 


N-D 

349 

0*067 

1*036 

0*39 

22*16 

Godavari Left Bank Canal . 

. D 

474 ^ 

0*082 

i*467 

0*57 

24*16 


N-D 

354 1 

0*073 

0*959 . 

0*51 

1 32*91 

the case of both the canals of 

Godavar 

i. This From the Godavari Canal 

survey, it appears that 


residual effect of Liglier manuring on the nitro- 
gen and carbon coiitents is also reflected to a 
certain extent on the humiis contents of these 
soils. The percentage humified matter on the 
other hand shows a characteristic lowering (with 
soil deterioration) in both the Nira and Godavari 
Left Bank, while in case of the Godavari Right 
Bank, in spite of higher humus contents of the 
deteriorating soils, the humified matter remains 
more or less constant. This fact indirectly 
i shows that in the deteriorating soils losses suffer- 
•^L^ied by the humified fraction of the total organic 
matter are greater probably due to injudicious 
irrigation resulting in greater leaching down of 
soluble organic constituents of the soil. 

^ It has been shown previously [Basu and 

i Vanikar, 1942] that the application of heavy dose 
of farmyard manure may lead to increased car- 
bon/nitrogen ratio when the moisture saturation 
is kept at a high level. Under such a condition 
the algal growth in the soil is generally vigorous 
which has been shown to be associated with the 
ultimate, increase in soil carbon. Increased 
iuoisturo saturation in these cane fields may 
result from eitber ovor-iiTigation or ill-drained 
condition of the soil or from both these factors. 
From our results of this survey it appears that the 
adoption of a suitable crop rotation (probably due 
to occasional cultivation and partial drying out of 
the soil) can counteract to a great extent this 
progressive increase in the carbon/nitrogen ratio 
of these soils and thus avert this calamity of 
falling cane yields. 

’ On the Nira Left Bank Canal, where cane has 
been grown for a long time, it has been observed 

^ that in a very well-drained shallow soil ( <2 ft. 
deep) even a two-year rotatioji of cane (one year 
cane with one y<‘ar anotlier crox^) has been able to 
maintain the fertility of the soil while in a 
deeper soil (> 4 ft. deep) a four-year ratation 
(one cane in four years) seems to be essential, 


a ratoon is far more exhausting than a x)laiit 
cane crop. Thus two years of rest from cane- 
giowing are found to be insufficient to ' main- 
tain the fertility of a shallow soil where a crop of 
plant cane and a ratoon are taken. Although 
in a deex)er soil for the same rotation a much longer 
rotation is expected for the maintenance of ferti- 
lity, it is interesting to note that much depends 
on the actual ckainage condition of such a soil, 
which is ultimately governed by the nature of 
‘ B ’ horizon in a soil profile [Basu and Tagare, 
1943]. For instance in an exceptionally well- 
drainaged deep soil type of the Godavari Left 
Baffin (where . the * B ’ horizon consists of yellow- 
ish while aliuival sands) it is found that even a 
four-year rotation with cane — ratoon and two 
other crops — retained the fertility intact. Simi- 
lar instrances are not wanting even In the 
case of shallower soils where very trying rota- , 
tions have proved successful. Thus in recom- 
mending the rotation of a soil for sugarcane 
cultivation it will be worthwhile to have a genej-al 
survey of soils made for the types, in order to 
avert any disaster due to indiscriminate use 
of lands under pereimial irrigation, without a 
sound policy of crop rotation, based 'on scienti,fic 
studies of the soil. 
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Gbhbbal 

The part of the United Provinees lying vsouth- 
west of the river Juiiiiia is known as Bniideikhand. 
The soils of this tract are entirely difierent from 
those of the province as a whole, since the tract 
differs geologically from The rest in being. non- 
alluvial in nature. The district of Jhansi from 
where the soils reported in this paper were collected 
lies in the extreme south-west corner of the tract 
between the parallels of 28°ir and 25°51' north 
latitude and 78°10' and 79°25' east longitude. 
This part is a most representative tract of the 
whole region due to its peculiar topography, and 
the various soil types occurring in the whole of 
Bundelkhand can easily be found in this district. 

The general landscape of the Bundelkhand 
tract is that of a bare undulating plain with ir- 
regular rocky hills converging to a level expanse 
of black soil towards the north reaching up to the 
river Jumna. On the extreme south and south- 
west lie the Vindhya ranges. The general slope 
of the country is from north to south and as one 
passes through the level plains on the south of 
the Jumna to the rocky hills, the fertile black soil 
converges into coarse-grained red soil interspersed 
with brownish to black patches. 

Geologically the whole of the Bundelkhand 
tract is occupied by gneiss. The formation con- 
sists of massive granite rocks traversed by gigantic 
quartz reefs forming the hill ranges. At times 
sandstones, limestones and slates are also to be 
met with. Some of the beds are highly ferruginous 
and iron has become localized at the surface 
‘probably due to lateritie action’. The only 
other geological formation found in the tract is 
the cretaceous sandstones of the Laineta group 
[Drake-Brokeman, 1909]. 

(ij Soils 

The soils can be classified into tw^o broad 
divisions, viz. (a) black soils and (5) red soils. The 
black soils are usually very adhesive when wet 
and expand and contract to a remarkable degree, 
thus becoming fissured in the hot season. These 
are locally known as mar and kahar, Maris 
usually less clayey than Aa6ar, but both these 
types are highly retentive of moisture and could 
be cultivated without much irrigation. These 


are the typical aiiiiiogiies oi tlic so-caiied liiack 
cotton soils of Central India popularly kriowai 

as the rej/tir soils. 

Amongst The red soils there are two types 
locally known as fanixi and rakar. Parwa is 
a brownish grey soil ’\Tir\1jig iVoni a good loam to 
.sandy or clayey in texture^ and is a. fahij good 
soil wiiich responds easily to nianiire and irriga- 
tion, Rahar is the trim rcci soil wliieli is generally 
wwthless for cultivation, it is, the eroded soil 
of the tract and is thus usually found on higher 
elevations. In general t,he red soils are foiiiid 
.more towards tlie south of tlie tract where it 
adjoins the Central Indian hills. 

{ii) Vegetation and agriculture 

The .natural vegetation of the tract consists of 
grasses and shrubs. Trees are usually absent, 
but at times her {Ziziphus rotmidifoUa) and' dhak 
{Butea frondosa) grow on better types of land. 
Spear grass is the most ' common ■ grass of the 
locality althougli better varieties like amgan 
{Pennisetum ce'nchfoides) may be found in low- 
lying areas. In places having hahar and mar 
soils kans (Saccharum spoutaneum) grows wild 
and its eradication is a serious problem. ' 

The general agriculture of the tract ,is of a 
very low order. The poor nature of. the soil and 
scarcity of Avater are the two chief factors res- 
ponsible for this condition. The black soil areas 
are mostly cultivated ; wliereas the less fer’tiie 
red. soils are cultivated only if irrigation faeiMties. 
are available. Most of the cultivation is done 
during the kharif and little is possible dmiiig ilie . 
rabi except on good black so.il. Jowcir^ smaller 
millets and til are the principal Ichmif crops,, 
and wheat, gram .and linseed .the principal rahi 
crops. . Wheat and ' are geiwally put on 

better .soils and gram and smaller millet occupy 
soils of lesser fertility . 

(iii) Climate 

.The 'climate of Bundelkhand, as 'miight ..'be 
expected foom. the rocky nature of the tract, the 
rapid drainage, the absence of jungle and the 
depth of w^ater-levei, is characterized by exceeding 
dryness and heat considerably above the average 
of -the- .province. May and June are intensely 
hot .and the rainy season is also at times marked 



tNiJlAS JOUENAL OF AaElCULTUEAL SOIBNCE 





' 


f 

f 



3m 

by musualiy iiigli teBiperatiires. In the cold 
weather the air is dry and chilly although frosts 
are usually absent. The mean annual temperature 
is 79*0^F, and the mean annual rainfall »36*4 in.' 
The coldest month is January with air average of 


[XII!, 

and hottest is May or June with 94*5°i\ 
The maximum temperature in hot weather is 
at times, recorded as high as 116°-12(hF. 

The usual meteorological data for Jhansi proper 
are given in Table I. ■ 


Table I 

A verage mxmilihj meteorological data for Jhansi 


■ 

Month 

Temperature 

Kaiiifall 

Max. 

m 

Min. 

(“F.) 

Mean 

(°F.) 

Total 

rainfall 

(in.) 

No. of 
rainy 
days 

14c]at 
liinn[{dit\- 
(per font ) 

tJaimary . 



76-4 

37-3 

62-0 

0-66 

1*2 

54-3 

February 



81-4 

41-4 

68-0 

0*40 

0*8 

45*6 

March 



93-1 

49-4 

78-0 

0-23 

0 * 5 

36 • 9 

April 


• 

104-2 

60-9 

88-0 

0*14 

0*5 

30*2 

May 



108-3 

68-1 

94-5 

0-24 

0*7 

31*9 

June 


• 

102-8 

71-3 

92 -'8 

4-43 

■ 5*8, 

48*0 

July 


• 

91-2 

71-9 

83-9 

11*81 

13*1 

1 ; 77*8 

AxigUKt . 



88*9 

71-0 

82-6 

11*00 

12*7 

I '80*5 

September 



91*7 

68-4 

82*2 

6*08 

6*8 i 

! ■ ' 74*2 , ■ 

October . 



92-9 

60-0 

79*9 

0*03 

0*9 

! 53 - 6 

November 


. 

85-3 

42-3 

71*8 

()*07 

O-I 

45*2 

Doc ember 


! 

78-4 

40-7 

1 03*9 

1 0*28 

0*8 1 

51*0 

Mean 

• 


91-2 

39-1 

1 79*0 

1 

36*37 

43-0 

52*3,... 


Note —Monthly mean temperatures are the averages of 16- IS years, whereas rainfall figures are Ihe average 
of 47 years 


It will be seen that the rainy season lasts from 
the middle of J une to the middle of September 
and that during this period praetically the whole 
annual precipitation takes place. It ma^^ be 
mentioned that rains usually come in heavy down- 
pours and thus bring about considerable erosion. 
During the rainy season one finds alternately 
hot and wet periods which are responsible for 
considerable weathering of the soil and leaching 
away of the weathered products. Winter rains 
are practically absent. Lang's [1915] rain factor 
for the locality is 34 * 9 mm,, per degree centigrade v, 
and Meyer’s [1926] N.S. quotient is 78*8, showing 
that the climate may be characterized as semi- 
arid. 

(iv) Literaktre 

Literature on the black and red soils of India is 
extremely meagre. Sahasrabudhe [1929] in his 
Tiote on soils of tlie Bom])ay Presidency compiled 
only the availal)le scattered data on tliose soils. 
Basil and 8irur [1938] are the pioneer workers 
wLo scientifically surveyed the soils of the Deccan 
canal area and elassiht d them on modern pedologi- 
cal principles. Their work is unique, for it 
throws considerable light on the chief pedogenic 
processes respom^ the different types of 

fegur. soil found in the Bombay-Deccan. 


(v) Technique employed 

A number of pits were dug at the Govei’iiment 
Cattle Farm, Bharari, Jhansi, at sites which were 
considered representative of the different soil 
types of the tract. The samples of soil were 
collected horizon -wise. Observations in regard 
to the visual characteristics of each horizon 
were recorded in situ, particularly with regard to 
colour, texture, structure, depth and hardness. 
A number of such profiles from each, t\q)e ivere 
examined and results of the selected ones have 
been presented in the body' of the paper. 

The usual laboratory methods for the a^al3^sis 
of the hydrochloric acid extract on 2 nim. samph's 
of soil were followed. pK was determined colori- 
metrically, total exchangeable bases bj^ the method 
of Williams [1929] and exchangeable calcium 
by Hissink’s sodium chloride method [1923]. 
Mechanical analysis was done by the International 
pipette method after pre- treat me jit with liydrogen 
peroxide and disjxa-sion ]>y sodium hydroxide. 
The stq)aT'at(‘d clay fraetioi,i was aiudysed. aft(*r 
fusion wiih sodium carbonate according to tlie 
method of Rolunson as descrified bv Wriaht 
[1939]. 

Expekijmextal 

Erom the results of the visual observations on 
the profile and the analytical data obtained it 
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seems obvious tliaf- tiv* soils of the district of 
Jh;iosi hi |ia!l-h'iil;ir ;iml of the Biindelkhand 
tract ill u’c.iici’al contain amongst other soil types 
three fii.sthv't epnetic ^yfM^s depending npon the 
developmeiilal (*hara(‘tfa‘istics of the profiles. 
These ihref‘ types fia^'e heevn mentioned in, the 
fpxf of ! lie pap!‘r as Typirs i, 11 iind ni. Morpho- 
logical, chemical, niechanical and physico-chemical 
daha. of tlie three types have been presented 
under eacli licaid. It will be observed that 
differences in the types are mainly due to differ- 
ences ill topogiaipliical, conditions and subsequent 
diffin-encps in weat'liering a.iid leaeliing. The data 
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■for thO' three types are presented .-.ejiarately i(^ 
eua,ble a- eomparison being made among theiii. 

Tf/pe I 

Mor2)hologimh llie pit was sitimled at a 
big.!ier level tliaii the suiroundiiigs. Tlie soil was 
very coarse and compact, having a redfiish hrowm 
colour. The sample was ohtaims! from an nil* 
cidtivated portion foj* prolijr Xo, I ami from 
near a recently cnhi\ated poiiion for profile 
,1X0.2 wliicli was also a I a a! ightly lower level as 
compared to 1 he • it e at which fat Nh* 1 wa; dug. 


Tablb IT 




Visual charark'.r^^ 

IPy 

J il’niT/on 

1 Depth, 

Sample deptli 

„Dos<'j,*iption 



Prnfil 

c No. 1 

I 

0 in. — 7 in. 

0 in. — -7 in. 

Brown soil with loose sandy texture .TO.ore or less crumby 
structure, presence of some roofcs, no colour with 
phenolphthalein ; no reaction with HC| 

II 

7 in . — 0 ft. 5 111 . 

7 in. — 2 ft. 5 in. 

2 ft. 5 in. — 3 ft. 1 1 in. 

3 ft. 11 in.—5 ft. 5 in. 

Red hard compact soil ; coarse grained ; impregnated 
with red xiartioles of iron oxide ; no eoiour witli phenol- 
phthalein ; no roaction vitii 

.“.rO III 

5 ft. 5 in, — 0 ft. 

5 ft. 5 in. — a ft. 

Parent material ; hard and rock li,k,e big sto,nes 



Profile No, 2 

f ' 

0 in. — 5 in. . . | 

i 

Oin. — Sin. 

Reddish yellow coarse grained soil loosely packed ; 
sparse growth of roots ; no colour with pheiiolphtlia- 
iein ; no reaction witli HCl 

. ,:n 

5.in.—3 ft. 2 in. . 

5 in. — 1 ft. 9 in. 

1 ft. 9 in.— 3 ft, 2 in. 

Dark brown soil; loosely packed witli with big. 

sized stones towards the hotiom ; no ro.tction witli 
phenolphthalein ; no rcacti<ai with HCl 

III 

i 3 ft. 2 in.*™4 ft. . 

3 ft. 2 m.--4 ft. 

Big.sized stones loosely lield 


A consideration of the morjdiologieal data horizon is highest in insoluble residue and 
indicates thattlie soli is a coarse-grained material it decreases in the next only to increase again 
and that good soil lies on the top as a superficial in the last horizon. Bohible silica in profile 
eov(a* np to a de-j)th of a. few indies only. The No. 2 is low in the top horizon. This in- 
^ horizons ar(‘ vtny dear-cut and themveathered dioates that the produds of the disruption of 
par(mt rock can ht* met with only within 4 to 5 the silicate complex hav(‘ been washed down 
ft. of Uu' soil. TojiDgiaphicaJly such soils are the profile and this fact is further corroborated 
found at elevated spots and at* the foot of hilly by a study of the distrihulion of sesquioxides. 

portions of the area. In general appearance Both iron and alumina are low in the top 

these soils look like eroded soils. horizon and increase to more or less a constant 

] In l^xble III are presented the data for the level in the next layers. Leaching is fin-ther 

composition of the hydrochloric add extract of indicated by a gradual ’washing of both lime and 
' . th(* soil mabnhd. ' magnesia to lower depths. Profile No. 1 is 

Moisture and loss-on-ignition figures are more markedly low in potash, but the other profile is 
, or less uniform throughout the profde with a not so poor. Water-solu])le salts are v<*ry low. 

, tendency to be low at the surfac^e layer due The mechanical analysis data a tabulated in 

probably to its lower day content. The first Table IV. 
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, Table III 


Analysis of the hydrochlonc acid extract 

(Per cent air dry basis) 

Profile No\ 1 


Particulars 

0 in,— 7 in. 

7 in. — -2 ft. 5 in. 

aft. 5 in.— 3 ft. 
11 in. 

3 ft. 11 in.— 5 ft. 

5 in. 

6 ft. 6 in.— 6 ft. 

Moisture . . . 

0*61 

2-75 

2-60 

0-68 

, 1-47 

Loss on ignition . 

2-20 

6-95 

! 5.17 

5-62 

3-47 

Total insolubles . 

91-46 

74-20 

76-66 

76-02 

81*49 

Sosqiiioxides 

4.74 

14-08 

13-42 

12-62 

10-63 

{a) F 0 OO 3 

1*90 

4-45 

4-09 

4-61 

3-95 

(6) AlJO, 

2-85 

I 9-53 

9-25 

7-93 

6-60 

CaO . 

0-49 

0-97 

0-73 

0-84 

0-75 

MgO . . . 

0-58 

1 0-82 

1-01 

1-66 

1-32 

KnO , . , . 

traces 

traces 

traces 

traces 

' traces 

f;o, . , . ■ . 

0-09 

I 0-10 

0-08 

0-08 

^ 0-08 

Total water solubles . I 

0-09 

0-04 

0-08 

0-09 

0-10 


Profile No, 2 


Particulars 

0 in. — 5 in. 

5 in. — 1 ft. 9 in. 

1 ft. 9 in.— 3 ft. 2 in. 

3 ft, 2 in. — 4 ft. 

Moisture 

2-62 

3-75 

2-72 

2-04 

Loss on ignition . 

3-67 

4-93 

3-49 

3-93 

Total insolubles . 

72-81 

62-40 

67-76 

76-26 

(a) Soluble SiOa . 

15-96 

23*60 

20-37 

20-43 

Sesquioxides 

17-18 

25-49 

19-38 

21-43 

(a) FojOs . 

5-84 

8-66 

6-84 

9-86 

(b) AI2O3 . 

11-30 

16-88 

12-44 

11-94 

CaO .... 

0-69 

1-02 

2-02 

2-41 

MgO . . . 

0-81 

1*99 

2-09 

1-09 

e:,o . . 

1-13 

1-04 

0-64 

1-98 


0-05 

0-07 

0-10 

0-13 

Total water solubles 

0-06 

0-06 

0*08 

0-08 

SiOa 





1-86 

1-85 

2-25 

2-12 

(mol) 

AlaO,^ 

2-66 

2-48 

3-06 

3-10 

AlSa (mol) 

FejO, 

2-92 

2-97 

2-75 

1-93' 


Table IV 


Mechanical analysis (2 mm, sample) 
(Per cent air dry basis) 

Profile No, 1 


Particulars 

’ 

0 |n„ — 7 in. 

7 in.— 2 ft. 5 in. 

2 ft. 5 in.— 3 ft. 
11 in. 

Q ff 11 .'vT K C4- 



5 in. 

1 0 ID. 0 it., 

!' 

Coarse sand 

43-37 

24-85 

32-30 

, 42.-23 1 

53-85 

Fine sand . . . 

40-38 

22-83 i 

26-36 " 

; ■ ■ . 20-16 ' ^ 

23-81 

Silt . . 

15-10 

21-25 

17-10 

s 18-60 

: 22-42 

Clay . 

5-05 

18-00 

13-05 

: , 10-15 ; , 

•3-75 ' 


Profile No, 2 


Particulars 

0 m.-— 5 in- 

- 

5 in, — 1 ft. 9 in. 

1 ft. 9 in.^ — -3 ft. 2 in. 

., 3,ft..2 in.~4 ft., / 

Coarse sand 

21.-10 - 

.22-35 

50-32' 

44-46 

Fine sand , , . 

29-75: 

24-29 

21-60 

[ 20-89 

Silt . ■ , : . . : ! 

^ 16-45 ■ : 1 

16-05 

• ■ ■ 11- 10.... 

11-30 

Clay . , ■ . ^ . 1 

31-25 , 

36-75 


19-65 
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VI] 

The highly coarse nature of the soil is indicated 
by a very high coarse sand content throughout 
the whole profile. Clay and silt together consti- 
tute only "about 25-30 per cent of the whole soil 
;; .cx(*ept in iJii tu'o top layers of profile 'No. 2 
which had received eroded trashings from the 
neighbouring plots as a result of artificial embank- 
ment at a distance of nearly a furlong or so. 
There is a slight eluviation of clay from the top 
iiorizon wdiicdi makes the lower horizons more 


compact. In generah the soils appear to have 
been subjected to liigh erosion whereby the finer 
materials have waslied away. Soils re- 

presented by profile Ko. 2 are, however, textiiralij^ 
better than those represented bi' tlie other pro- 
file. ■ It seems that inucli impr«->VfUiient in the 
physical oonditioii of soils of this type c;ari be 
brought about by simply checking erosion. The 
data for the pliysico-ebemieal analysis are present- 
ed in Table ¥, 


Table V 


PhysicO’-ohemiml analysis 


Profile No, 1 


j 

y . Particulars I 

♦t I 

0 in. — 7 in. 

V , 

7 in. — 2 ft. 6 in, | 

1 

2 ft. S in 3 ft. i 

I' Uin. 

, 3 ft. 11 in.— 6 ft. 
5 in. 

i 

5 ft. 5 in.— 6 ft. 

/ Moisture (natural) per ' 



! i 

i 9-03 

1 6*12 

' 3*60 

cent 

2*44 

6*69 

Moisture equivalent 

percent . 

12*23 

25*92 

j 

1 27*97 

15*18 i 

17*70 

Water-holding capacity 
per cent . 

32*75 

57*10 

1 33*06 

63-48 

42-44 

pH in jy-KCl 

1 6-0 

6*0 

6*0 

1 7*2 

7*2 

Total nitrogen per cent. 

! 0*057 

0*068 

0*049 

1 0*031 

0*029 

Total carbon per cent . 

0*47 

0*35 

0*82 

1 0*35 

0*47 

C/K ratio . 

1 8*25 

5*30 

16*7 

11*3 

16*2 

Total exchangeable bases 
m.e. percent . 

5*0 

16*0 

14*48 

16*18 

14*00 

Total exchangeable 



■ 14*0 

15*12 1 

13*24 

i ' calcium m.e. per cent 

1 5*0 

14*32 

".wPer cent Ca of the total 




^ 93*6 ^ 

94*6 

bases . . , . 

■■ !■ 

j 100*0 

96*4 

i 

96*5 



Profile No, 2 


Particulars 


Moisture (natural) per cent 
Moisture equivalent per cent . 
Water-holding capacity per cent 
pHinW-KCI 
Total nitrogen per cent . 

Total carbon per cent . 

C/K ratio . . . . . 

Total exchangeable bases m.e. per cent 
Total exchangeable calcium m.e. per cent 
Per cent Ca of the total bases . » 


0 in. — 5 in. 

5 in. — 1 ft. 9 ill. 

Ift. 9 in.— 3 ft. 

2 in. 

3 ft. 2 in.— 4 ft. 

1*38 

13-37 

11*89 

13-94 

27*3 

29*0 

20*8 

24-7 

44*04 

49*09 

35*80 

40*03' 

6*5 

6*9 

7*3 

7*5 

0*021 

i 0*049 

1 0*034 

0*006 

0*79 

i 0*57 

1 0*21 

■' 0*25 

37*3 

i 11*6 

1 , 6*2 

: 41*6 

18*40 

[ 27*36 

1 29*44 

26*74 

18-32 

24*00 

1 19*52 

19*68. 

99*5 

81*5 

i 66*3 

i ■■ 

73*8 


It is evident from Table V that increases 
with depth and that the top horizons are slightly 
acidic (6*0 — 6*5). This indicates acid leaching 
of the entire profile. The nitrogen content is 
poor (0- 02— 0*05 per cent) and the poor top 
I layer lias on a subsoil comparatively richer in 
nitrogen. Afterwards ' nitrogen , decreases to a 
very low figure. C : jK' ratios' are erratic. The 
organic matter content and base status of the 
; profile is low, specially so in profile No. 1, but 
I the exchange complex is more or less fully 


saturated with calcium — a fact which gives a 
fairly good crumb structure to the top soil. Al- 
though the absence of a zone of calcium carbo- 
nate accumulation has given these profiles an 
acidic character, it is significant to note that the 
degradation has not proceeded to the extent so 
as to make the exchange complex low in calcium. 

The separated clay fraction was analysed for 
its chief ultimate constituents in the case of pro- 
file No. 2. The results of this analysis a^e 
presented in Table VJ, . 
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It 80(^1118 that there is a slight eluTiatioii. of 
silica from the top horizon. Alumina also seems 
to 1 )e leached do^vn hut iron aeciimnlates in the 
top la^T-irs* SiOc^rl'vgOj} .ratio increases with 
deptli showing greater leaching of silica as 
compared to sesc|iiioxides. Simiiar results are 
oMained if the ratios are calculated in the bulk 
sample of the soil (Table III)* SiOg : AI 2 O 3 ratio 
in the clay fraction and in the soil also shows a 
greater mobility of silica as compared to alumina 
In the clay fraction, hoivever, the Ai 203 : Fe^Og 


ratio increases with depth as a result of acciim.ula- 
tio.n of iron in tlie top la.yeivs Th.is may be res- 
ponsible for the cliaracteiistic red colour of the 
top soil. , I 

Type II V . 

Morphological The^pit was situated at a 
comparatively lov'er level than the areas at 
which pits representing Type I, were dug. The 
soil was brownish red in .colour and looked 
better in texture. The samples were obtained ^ 
from a recently cleared jungle area. 


Table VI 


Ultimate analysis of clay 
Pr^le No^ 2 


Horizons 

SiO, 

per cent 

R 2 G 3 
Per cent 

FegO^ 
per cent 

AI 2 O 3 
per cent 

SiOs 
R 2 G 3 

Si 02 

AlgO 3 

0 0 

0 in . — 6 in. .... 

35 ‘74 

31*77 

13*46 

18*31 

2*25 

3*32 

2*13 

6 in. — 1 ft. 9 in. , 

37*89 

34*40 ' 

j 

14*63 

19*87 

2*21 

3*24 

2*15 

1 ft. 9 in 3 ft. 2 in. . 

37*63 

31*16 

j 

12*40 

18*76 

2*41 

3*41 

2*37 

3 ft. 2 in.— 4 ft 

42*16 

32*18 ; 

12*36 

19*82 

2*69 

3*62 

2*62 


Table VII 



Visml characters 


Profile No, 3 


Horizon 

Depth 

Sample deptli 

Description 

I 

0 in .— 10 in. . 

0 in .— 10 in. 

Loose, yellowish grey soil ; single grained ; no reaction 
with HCl 

11 

10 in. — 3 ft. 9 in. 

10 in . — 2 ft. 3 J in. 

2 ft. 3J in. — 3 ft. 9 in. 

Hard and compact ; reddish brown soil with big roots ; 
no reaction with HCl 

III 

3 ft. 9 in . — 6 ft. 

3 ft, 9 in. — 4 ft. 10^ in. 

4 ft. lOJ in .— 6 ft." 

Hard soil with hanhar j reddish grey colour ; looks 
more clayey ; vigorous reaction with HCl 


As compared to Type I this profile shows layers, mon being more affected than alumina ; 
greater depth and the most important feature although in the case of the latter ingredient 
is the presence of a zone of calcium carbonate there seems to be a gradual accmnulation with 
accumulation in the form of hanhar layer at the depth. Lime has been washed down and accu- 
bottom. The colour of the soil is also brownish mulates in lower horizons, whereas, magnesia does 
as compared to Type I which is redder in shade. not seem to be so affected. Water-soluble salts 
Considering the results of the analysis of hydro- are more or less uniform throughout the profile, 
chloric acid extract presented in Table VIII it As compared to Type I, these figures show that 
is evident that moisture and loss- on-ignition although there has been a translocation of the 
figures are low^er in the top horizon than those weathering products of silicate complex to lower 
for the bottom layers, indicating a slight eluvia- depths, these are not so pronounced as in Type 
tion of colloidal matter. Insoluble residue I. The presence of calcium carbonate layer at 
decreases with depth although soluble silica is the bottom has probably given greater stability 
more in the second and third layers. There is a to this complex. This is a typical feature of 
slight leaching of the sesquioxides from the first calcium soils. The results of the mechanical 
laycT and they accupiulate uniformly in other analysis of the profile are given in Table TX. 
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. Table VIII 

A nalysis of hydrockloric acid exirmf 
(Ter cent atr-clry basis) 


Profik No. 3 


Particulars 

0 in.—lO in. 

10 in. — 

2 ft. 3| in. 

2 ft. 3i in.— • 
3 ft. 9 in. 

; Sffc. 9ill. — 

; 4 ft. 10| ill. 

4 ft. lOJ ill.-— 
6 ft. 

Moisture 



0*70 

1*37 

1*73 

^ 1*48 

1-28 

Loss on ignition , 



1-45 

2-25 

2*04 

i l}*92 

1*00 

Totoal insolubles 



88*13 

82*97 

80*81 

77*6i 

64*72 

SiOa . . 



10*33 

12*69 

13*98 

11 *'56 

12-89 

vSesquioxides 



7*47 

10*52 

12*70 

13*28 

12*79 

FegOa 



2*76 

1 4*64 

4*80 

i 4*18 

4*34 

• • • 



4*65 

i 5*76 

7*77 

8*98 

8*35 

CaO . 



1 0*56 

1 0*67 

0*83 

6*71 

i 10*44 

MgO .... 



I 0*16 

I 0*47 

0*10 

0*10 i 

0*05 

KgO .... 



i 0-08 

i 0-19 

0*16 

1*62 j 

0*58 

PaOfi , 



! 0 07 

5 0*12 

0*.i3 

0*12 1 

(MO 

Total water solubles 



! 0-11 

1 0*08 

0*08 

I 0*17 1 

0*10 

SiOs/AIjjOs 



1 3-77 

! 3*66 

3*06 

! 2*19 1 

1 i 

, 2*62 


Table IX 

Mechmical analysis (2 mm, sanijik) 

(Per cent air-dry basis) 


Profile No, 3 


Particulars 

0 in. — 10 in. 

1 

10 in.— 

2 ft. 3| in. 

^ 2 ft. 3i in.— 

; 3 ft. 9 in. 

3 ft.. 9 in.— 

4 ft. lOi in. 

1 

1 4 ft, 10| in, 
—Oft. 

Cooirsesand .... 

8*29 

4*64 

^ 2*21 

1*67 

' 1*07 

Fine sand . . ..... 

i 60*05 

63*91 

i 50*39 

39*32 

36*88 

Silt . . . . . . . 

10*80 

14*60 

16*10 ! 

14*92 

19*05 

Olay . . . . . . . 

14*65 

25*45 

28*25 1 

25*43 ' 1 

20*26 


With the exception of the first layer, silt and cultivation. Coarse sand fraction is low, whereas 
clay together constitute nearly 40 per cent of the fine sand fraction is over 50 per cent in tlie 
soil. The texture of this type is, therefore, loamy three top layers. There is a slight eluviation of 
and unlike that of Type I is more desirable for clay from the first to the seeoiKi layer. 

Table X 

Physico-chemical analysis 


Profile No, 3 


Particulars 

Oin. — 

10 in. 

10 in.— 

2 ft. 3J in. 

. 

2 ft. Si in.— 
3 ft. 0 in. 

3 ft. 9 in.--- 

4 ft. lOJ in. 

'4 ft. 104 in.— 
<i ft. 

Moisture (natural) per c^ent . . , . 

7 

24 

12 

59 

8 

30 

93 

2 

98 

9 

*50 

Moisture equivalent per cent . . . 

20 

90 

28 

30 

80 

25 

50 

23 

50 

Water holding capacity per eon t . . . 

40 

00 

48 

30 

4 

IS 

.30 

47 

00 

46 

00 

^HiniV-KCl . - - A . . 1 

Total nitrogen j^er cent . , . . ; 

7 

4 

6 

6 

9 

7 

1 

, 

3 

0 


0 

05ti 

0 

or.'i 

0 

039 


032 

l-’otal carbon per (tent . . 

0 

39 

0 

31 

0, 

15 

0 

1 7 

0 

13 

C/N ratio . . - * • 

6 

5 

5 

5 

■ •> 

8 

4 

3 , ■ 

4 

1 

Total exchangeable bases m.e. per cent . 

ID 

-68 ■ 1 

14* 

‘72 

17 

04 

18 

■SO 

13 

•0 

Total exchangeable calcium m.e. per cent 

9- 

-6 ! 

14- 

13 

Hi 

70 

16 

16 

j 12 

■ s 

Per c(mt Oa of the total exchangeable bases , 

82- 

0 ! 

i 

96- 

0 i 

98 

0 

86 

■ 0 

98 

•5 
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A study of tlie data ^ presented , in Table X 
shou'S that u'iili the exception of the secoxid layer 
the pH of the profile is within the neutral range. 
Total nitrogen content and the organic matter 
content are highest at the top and decrease 
downwards. The base^exchaiige status is more 
or less similar to that of Type I and the exchange 
complex is mainly saturated with calcium, thus 
giviiig proper tilth to the soil. 

iiie results of the day analysis (Table XI) point 
clearly to some of the striliing .differences between 
the soils belonging to Type I and those belonging 
to Type II. In I it was observed that there 
is a slight migration of both silica and alumina 
from top to bottom layers, but this fact is not 
observed in the present case. On the contraryj 
silica and alumina are highest in the first layer. 


The immobility of iron is a peculiar feature 
of this type. Within limits the SiOg : Al^Og 
ratio is -constant tiiroiiglioiit the profile. , These 
are the chief characteiistics of calcium soils 
and the presence of the Iwnkar layer in the lower 
depths is 2 >robably responsil)ie for these factors. 
The absence of this la^’er in Type I made silica 
and sesqiiioxides a bit mobile. In, the case of 
the whole soil, lio”weveiv the ratio SiOg : AI 2 O 3 
shows a slight leaching of silica as compared to 
alumina (Ta:bie VIII). " 

Type III 

Morphological. This profile has developed as a 
result of restricted drainage and was situated 
in an area which was comparatively low lying. 


Table XI 

Ultimate analysis of clay 
Profile No. 3 


Horizons 

SiO, 

R.O, 


AI 2 O 3 

SiOa 

SiOa - 

AI2O3 

per cent; 

per cent 

per cent 

per cent 

R 2 D 3 

A1203 

FeaOa 

Oin . — 10 in. .... 

44-61 

36-81 

11-11 

25*70 

2-31 

2-95 

3-63 

10 in. — 2 ft;. 3^ in. 

42-55 

33-80 

11-30 

22-50 

2-43 

3-22 

3-12 

2 ft. 3i in.— 3 ft. 9 in. . 

43-42 

34-66 

10-90 

23-76 

2-40 

3-11 

3-42 

3 ft. 9 in.— 4 ft. lOJ in. . 

39-77 

32-04 1 

10-00 

22-04 

2-38 

3-07 

3-46 

4 ft. lOJin.— 6 ft. 

43-02 ^ 

34-69 

11-10 

1 23*59 

^ 2-39 

3-10 

3-33 


Table XII 
Visual characters 
Profile No. 4 


':’3' 

Horizons 

Depths 

Sample depths 

Description 


I- 

0 in. — 4 ft. . 

0 in. — 1 ft. 5 in. 

1 ft. 5 in.— 3 ft. . i 

3 ft.— 4 ft. . i 

Deep black hard stiff clay ; cracks on wetting ; sticky 
and impervious. No reaction with HCI in the top 
layers, but slight reaction in the bottom 


II 

4 ft.— 5 ft. 5 in. . 

4 ft.— 5 ft, 5 in, 

■ ^ '■ J 
. ] 

Compact bajri (clay intersparsed with lime nodules) 
of grey colour vigorous reaction with HCI 

■ 


The colour of the soil is deep black and the 
soil is very clayey. No very sharp colour dis- 
tinctions between the different horizons were 
obtainable. The soil shows calcareous nature, 
specially in the bottom layers. 

As will be shown presently, the first and third 
layers are comparatively more clayey. This 
lias resulted in greater accumulation of sesqul- 


oxides, particular^ alumina, in these layers as 
compared to the second and the fourth. In- 
soluble residue decreases with depth. Soluble 
siKca also decreases -with depth. Moisture is 
more or less uniform throughout, but is decidedly 
higher than in Types I or II. This indicates 
higher hygroscopicity of this type as a result 
of greater clay content. Lime has accumulated 




VI]' 

ill lower layerB altlioiigli the distribution ^ of 
magnesia Is irregular. Water-soluble salts are 
slight^ highj being nearly 0-1-0 *2 per cent with 
a tendency to acciiimilate with depth. 


Table XIII 

Analysis of hydrocMoric add extract 
(Per cent air-dry basis) 

Profile No, 4 
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Table 'XIV' , , , 

Mechanical analysis (2 m f a, sample) 

('Per cent air*dry basis) ■ 

Prqfile No, 4 


Particulars 

j 0 in. — 

1 ft. 5 in. 

1 

i ft. 5 in. 
^--3 ft. 

3 ft.— 

4 ft. 

4 ft.— 

5 ft. 3 in. 

Moisture . 

4 

•06 

4 

•42 

4 

35 

3 

•47 

Loss on ignition . 

3 

•75 

3 

89 

3 

93 

4 

•46 

Total insolubles . 

74 

•42 

74 

45 

70 

28 

64 

53 

siOs • • 

25 

84 

20 

02 

20 

49 

17 

13 

Sesquioxides . 

15 

26 

13 

46 

16 

03 

12 

97 

Pe,0, 

5 

52 

5 

68 

6 

04 

5 

32 

* 

9 

68 

7 

71 

9 

88 

7 

51 

CaO . 

1 

15 

!• 

15 

2 

40 , 

7 

50 

MgO. 

2 

43 

1- 

57 

1 

83 

2 

07 


0- 

^62' 

0* 

66 i 

1 

'24 ^ 

1 

00 

P "*0 ' 

Total water solu- 

0- 

06 

0* 

07 ^ 

0 

11 

0 

14 

0- 

08 

O' 

10 1 

0 

10 

0 

22 

bles j 




1 






Particulars 

1) in.- -• 

1 ft. r, ill. 

1 ft. 5 In. 
■^-3 ft. 

3 ft.--- 
4 .ft. 

4 ft.— 

5 ft, 5 In. 

Coarse sand 

I 6-89 

10-01 

6-37 

! 4*91. 

Pine sand . 

1 25-24 

23-21 

21 *57 

1 31-96 

Silt . , 

: 24 *.20 

24-80 

25-90 

' 29-15 

Clay • 

; 43-30 

i 

40*75 

43 -4.0 

37*20' 


The predominantly ' clayey character of the 
soil is clear from' the results, of its ineclianical 
analysis tabulated in Table XIV. The clay 
and silt content is over '60 per cent throughout. 

■ This confers on the soil its distinguishing charac- 
ter of cracking when wet and forming big fissures 
on drying. The first and the third layers are 
slightly more clayey than the second and the 
fourth. The physico-chemical data are presented 
in Table XV/ 


Table XV 


r 

!' 

f 

.1 


Physico-chemical analysis 
Profile No, 4 


Particulars 

0 in. — 1 ft, 5 in. 

1 ft. 5 in .— 3 ft. 

8 ft.- 

—4 ft. 

4 ft.— 6 ft. 6 in. 

Moisture (natural) per cent 

15 

75 

20 

•27 

20 

16 

23 

36 

Moisture equivalent per cent . 

35 

6 

36 

9 

31 

5 

31 

•2 

Moisture-holding capacity per cent . 

48 

57 

43 

46 

60 

oe 

40 

33 

oHinl^-KCl . . . . 

6 

7 

7 

3 

7 , 

3 

7 . 

2 

Total nitrogen per cent 

0 

031 

0 

022 

0 - 

-017 

0 - 

015 

Total carbon per cent . * 

0 

60 

0 

46 

0 - 

•39 

0 - 

14 

C/N ratio . . . . 

16- 

1 

20 

9 

22 - 

9 

9- 

3 

Total exchangeable bases m.e. per cent . 

25- 

'64 

SO- 

•82 

. , 66 - 

-49 

96* 

■92 

Total exchangeable calcium per cent 

25- 

04 

25- 

■12 . 

! . ' 24- 

■16 1 

17* 

‘92 ■ 

Per cent Ca of the total exchangeable bases ; 

' ' ' " 

97- 

7 

81- 

■5 I 

i 

36* 

■4 ■ i 

[ 

IS* 

5 


Natural moisture is high, showing better complex of the soil with depth makes the sub- 
water-retentivity of the soil; and greater moisture- soil more impervious to water and interferes with 
equivalent figure suggests higher colloidal con- its natural drainage. The top layers, however, 
tent. pH is on the whole neutral and tends to do not show any degradation of the exchange 
become alkaline with depth. Nitrogen is very complex with respect to calcium. As in other 
low and organic matter is fairly high, thus giving cases the separated clay fraction was analysed 
a wider C/N ratio. The higher colloidal content for its constituents after fusion with sodium 
confers on the soil greater base status and the carbonate and the results obtained are presented 
total exchangeable bases are, therefore, fairly in Table XVI. 

high and increase downwards. Exchangeable The analytical results of the first twm layers 
calcium is better in the first twm layers, giving per suggest that there is migration of silica and ses- 
cent saturation with this cation as 97 and 81, quioxides from the first to the second layer, 
than in the bottom layers wdiere it decreases Below the second layer, however, both silica and 
rapidly reaching such a low value as 18 * 5 . This sesquioxides become within limits constant, 
deeyease in the calcium saturation of the exchange SiO^ : R 3 O 3 and SiO^ : . Al §0^ ratios dec 3 rease 
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Table XVI 

UUimMe amthjsis vf the day fmciwn 
Profile Xo. 4 


Hori,zo'n 

SiO. 
per cent 

i 15 

I o 1 

1 

J 

! _ 

FegO,, 
per cent 

AlgO.g 
per ceC'fc 

, 

S.iO,2 ^ 

SiOa 

a1j6 j 

AlgO, 

FeaO;, 

0 in. — 1 ft. 6 in. . 

40-81 

30 -S8 

9*40 

21-48 

2-62 

3-28 

3-60 

1 ft. 5 in.— 3 ft 

50-39 

39-43 

11*24 

28-19 

2-49 

3-06 

4-04 

3 ft.— 4 ft 

36-31 

28-40 

7*80 1 

20*60 

2-41 

2-99 ! 

4-14 

4 ft.— 6 ft. 6 in. . . . 

34-13 

28-43 

8*00 i 

20-43 

2-28 

2-84 

4-01 


with deptl'L skowiiig greatei* mobility of sesqiii» 
oxideSs partioiilarly alimiiiia., with respect, to silica. 
11,iese 3 ’esxilt.s l)eoo'j':o.(:^ qiii.tc i.ii(=erestiBg ■vrliei"! 
fiompared, with. i..i'iOse ol)ta:i..n,ed .for Type 1 (Tal>.l,('^ 
VI) where both 810^ : R^Os and SiOo : ARO^ 
ratios are found to increase witli depth showing 
greater nioHlity of silica. ALO^ : Fe 202 ratio 
increases in the second layer and tlien becomes 
constant. 

General bisoussion 

A Joint consideration of the data presented for 
the three genetic types of soil described in the 
present paper points clearly to the fact that 
climate has played a great part in, the develop- 
ment of the soils of the Bmidelkhand tract. The 
intensely hot summers followed by heavy luidis- 
tiibnted rainfall during greater part of the inon- 
Boons considerably favour weathering and conse- 
quent leaching away of the weathered products. 
This fact coupled with the peculiar topography 
of the region gives rise to entirely different 
types of soil formed under heavy, partial and 
i*(\stricted drainage. The soils formed under free 
drainage are completely devoid of the more 
soluble constitueiits like alkali metals, and more 
or less complete removal of aikaline-earth metals 
also takes place. There is a further tendenc}?' 
towards leaching of silica and consequent lateriza- 
tion. However, the silica : alumina ratio is too 
high to permit their classification under laterites. 
The colour of these soils is red, and they are 
usually met with^on elevated spots. 

With a slight restriction in drainage as a result 
of topography alkaline-earth metals accumulate 
in the lower horizons and the mobility of silica 
and sesqiiioxides is also checked. Under impeded 
fli’ainage an altogether different t 3 q)e of soil is 
produced which has a black eoloim and is highly 
clayey. The formation of these three types can, 
therefore, l)o explained on the basis of the toi^o- 
graphical conditions of the locality. Thus red 
soils (Type I) are found at elevated spots, brown 
soils (Type II) on level plains and black soils 
( Type III) in valleys and depressions. The great 


part played l)y topography in the for 2 ii,ati,ori of tlie 
so3,Is of the Deoca,!! canal area. . wa-s siiiiila.i;‘ly shown 
by Ba.s'ii and. Sinir [1938] an.d.. in tlie case of those 
o.f i}he Kiimaon Hills l)y Mxi.klierji and Da-s 
[1940]. 

Basil and Sirur in the course of. their studies 
on the soiI.s of t,he Deccan canal area showed a 
parallelism between those soils and the Russian 
tschernozems and called the Deccan canal soils 
as * tropical immature tschernozems The 
Bundelkhand soils studied in the present paper 
also look quite similar to the soils studied by 
Basu and Sirur, and a brief comparison between 
the two may be quite interesting. 

Basu and Sirur divided the Deccan canal soils 
into two broad sub-divisions, viz. (a) soils formed 
under free drainage and (b) soils formed under 
restricted drainage. It seems that Tjrpe I of 
the present studies has not been met with in the 
Bombay-Deccan by these workers. Type II 
closely resembles the ‘ H type * of Basu and Sirur 
although there are certain minor points in which 
the two soils differ. H type of Basu and Sirur 
has a very shallow depth and the soils are more 
clayey and have a greater salt concentration than 
those of the Bundelkhand soil represented by 
Type II. The total base-saturation capacity is 
higher for Bombay soils of H type although the 
per cent saturation with calcium is lower as com- 
pared with' Type II of Bundelkhand. It seems 
that the higher water-table (12 ft.) in Bombay is 
probably responsible for these diferences, since 
in Bundelkhand the water-table where the present 
type of soils occur is never less, than, 30 ft." 

T 3 ’'pe III described in the present paper'..' 
'resembles to some ex,tent the features .of type 
B or C of Basu and Sirur.'. In the soils studied 
by these authors, however, considerable quantities 
of soluble salts were found and the per cent satu- 
ration of calcium in the exchange complex was 
alwajns low. In tlie present case, soils belonging to 
Typo III neither contain so much, soluble salts 
nor sliow any degradation of the exchange com- 
plex at tlie surface horizons, although they are 
: not so calcareous as the corresponding soils of the 
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Boiiibay-Deccan fbr:med under restricted drain- 
age. Tiiese rliffercfiecs liave rather important 
hearing uii, tlie agiiciilt'nraj aspects of these soils, 
since in the BiaideJkhand ' tract degraded Hack 
soils are never very coiumoii and the prohleni of 
^ cho-pfMi formation ’ found in the Bomhay-Deccan 
is seldom serious. This may he due to the fact 
that intensive canal irrigation has not as j^et been 
introduced in Bmidelkhand and dry farming is 
still practised in that localitj?-. 
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SUMMAEY 

Pour soil profiles developed under semi-arid 
conditions have been examined near Jhansi in 
tlie Bundelkhand tract. 

The morphological, chemical and other data 
for these profiles have been presented and dis- 
cussed. 
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. Tupngraphy lias Im-cii foiiiid to liiodil) not only 
the C'olouf of the soils, hut af>o t<v\lni‘e and 

tajiri].]ositi(sr!. 

Tilt' Hith.^AlJ).; !-alio was ahuiit U‘2 in the 
ilay Fraction ul cmti type and did not siiow any 
apprccia])k‘ \uiriafiuii with depth. 
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The clay fraction is the most important consti- 
tuent of soils and its estimation in a simple way, 
which could be adopted as a field method, has 
been under examination. The Chiano-Hydro- 
ineter [Puri and Puri, 1939] is the most suitable 
apparatus for the detailed examination of the 
mechanical composition of soils. It is, however, 
essentially a laboratory method, with limited 
application in the field. As the detailed mechani- 
cal analysis is not needed for most purposes 
the development of a field method by which only 
the clay fraction could be estimated was con- 
sidered desirable. 

Turbidity of a clay suspension has been used 
as a measure of its concentration. The well- 
known nephelometer method consists in com- 
jiaring the turbidity of the unknown suspension 
with that of the standard. As this apparatus 
is too elaborate it is not suitable for the purpose 
in view. A simple method that suggests itself 
is to lower an object gradually in a largely diluted 
clay suspension till it becomes invisible to the 
eye placed at a certain distance above the sus- 
pension. A standard clay suspension can be 
used for calibrating such an apparatus, Tlie 
greater the concentration of the suspension the 
smaller will be the distance d, through which the 
object wiE have to be lowered. There may not, 
however, be any simple proportionality between 
the clay percentage and d as there may be an 
enhancement of visibility due to scattering of 
light as the concentration is increased. 

Apparatus 

The apparatus consists of a thin steel wire 
about 1 ft. long fixed at the upper end to a Vernier 
scale arrangement and at the lower end to a small 
thin circular metallic disc about 1 in. in diameter 
with a hole in the centre. The disc is coated with 
white enamel on which a circle is drawn with 
black ink. The black circular line with white 
enamel as the background serves as an excel- 
lent 'object’ to be viewed. The Vernier scale 
arrangement is capable of two independent 
movements by means of two screws. One screw is 
adjusted tiU the disc just touches the surface of 
suspension. The Vernier scale then reads zero. 
The wire is then lowered gradually by working 
the second screw till the dark line becomes just 
invisible. The distance through which it has 


been lowered, is read by means of the Vernier 
scale arrangement accurate up to 1/1 0th of a 
mm. 

Experimentai. 

In order to find the relation between d and the 
clay content of a soil, varying concentrations 
(O-l, 0*2, 0-3, 0-4, 0*5, 0-6, 0-7, 0-8, 0-9 and 
1*0 per cent) of a soil (Lab, No. P.C. 13) were pre- 
pared. As this soil contains 55 per cent of clay 
and as in the pro|;)Osed method we shall prepare 
one per cent suspension, the above suspensions 
may be regarded as equivalent to 5*5, 11*0, 16*5, 
22*0, 27*5, 33*0, 38*5, 44*0, 49*5 and 55*0 per 
cent of clay respectively in the original soil. 
The clay was separated in each case by pipetting 
50 c.c. of the suspension from 5 cm. depth after 
allowing the appropriate time of settling. This 
volume wBs then diluted to 500 c.c., put into 
a fairly wide cylinder, shaken and the disc lowered 
into it. The values of d, determined in this w^y, 
are given in Table I agaiiTst the clay percentage 
of the suspensions. These values when plotted 
w'ould give a smooth curve which can serve as 
the basic curve for all day determinations. 

Table I, ' 

Eelation between clay percentage and distance (d) 
trough ivMcJi the object is lowered 


Clay percentage 

' d 


(cm.) 

5*5 

14-22 

11*0 

8-40 

16*5 

4*54 

. 22*0 

3-83 

27*5 

3-26 

33*0 

2-90 

38*5 

. 2-82.' ■' 

44-0 

2-76 ' 

49*5 

2-72 

55*0 

2-66 


In order to determine clay contents of soils 
one per cent suspensions are prepared, clay 
separated and diluted in the above manner 
and values of d determined in all cases. The per- 
centage of clay is read from the basic curve 
corresponding to the value of yZ determined in 
each case. Clay contents of 100 soil samples 
were determined by the pipette method as well 
as by the proposed method. In Table II are 
recorded the differences between the values 
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given by t-Jic pipcjtte iiietbod and tlie proposed 
iiH*t-liod against- tiie iiiiinber of soils showing that 
diliVi-rnce. It will be seen that the proposed 
method (.‘oinpares very well with the standard 
pipette method and eoiild be adopted in field 
laboratoiies. Prcicautioiis such as lowering the 
disc in th(‘ middle of the eylindeig using siniilar 
types of cylindei's, keeping the eye always, as 
far as possible^ at- fixed distance above the sus- 
pension, would suggest thennseives. 

Table II . 

Coniparlmi o/ the proposed method with the 
standard pipette method 


Difforoiico ]:)otAveon percent- ■ Xuinber of soils showing 
rig<:*s found hv two mot hods : the difference 
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SOUEOES OE EEltOE AXD THEIE DISCUSSION 

Soils with high clay contents. It would appear 
from Table I that where soils rich in clay 
are concerned, the method becomes less sensi- 
tive. It has been found, however, by experi- 
ence that the point at which the ' object ’ 
becomes invisible in such cases is very sharp 
and d can bo determined with a greater degree 
of ])recision. If desired, the method may be 
modified in this way that when d determined in 
the case of a soil, corresponds to more than, say, 
35-40 per cent of clay, then the diluted suspension 
may be furtlujr diluted with an equal volume of 
water and the value of clay determined for this 
suspension may be multiplied with two. Or in 
the alternative if a soil is considered at the outset 
to contain more than 35-40 per cent of clay 
then 0'5 per cent of the suspension may be pre- 
pared initially Instead of 1 per cent or, 25 c.c. 
of the clay may be pipetted instead of 50 c.c. 
from 1 per cent suspension and diluted to 500 c.c. 
The values determined in such cases from the 
curve will have to be multiplied by 2. 

In Table III results of clay contents of soils, 
containing above 40 per cent of clay, as deter- 
mined by the original method as well as by the 
three modifications suggested above are given 
and compared with those obtained by the usual 
pipette method. The agreement is fairly close 
and it appears that in some cases even no modi- 
fication is needed. 

Variations in the intensity of light. It was felt 
that the variations in intensities of Tight at 
different times and in different places may affect 


Table III 

Compjarison of clay cenUnts by different rmdifim- 
Horn 


Clay poi'Ct^riiago 


Soil Ko. 

^ 0.rigiiial 
iiietliod 

I Modi- 
fieation 

1 [ rkrodi- 

(ication 

IJ 1 

IM'odifi- 

catloii 

Pi|ioi 1 o 
loot f ion 

P.C. 13 

57 • 0 

53*6 

54-0 

55 • 0 

55 ‘ 0 

P.C. 123 


74-6 

75*8 

72-8. ; 

79*7 , 

P.C. 145 ^ 

' 43*6 i 

.36*5 

39-8 

' 38 ' t> ! 

! 41-2 

P.C. 146'; 

42'5 ! 

31M> 

„44'0 

■ 43-0 

44-0 

P.C. 147 j 


66*8 

61*5 

63-4 1 

62-0 

P.C. 141 

. 54 * 0 

48 ' 6 

46*0 

46*8 ' 

,47-5: 

P.C. 14S j 

55*0 

50 • 2 

50*9 

51*7 1 

48*1 


the values of d, tiwrebjg introducing errors in 
estimations of clay contents. In, order to get; 
a rough comparison of the intensities of ligjit,; 
a special apparatus, consisting essentially of a I 
small metaliie box with two slits havi:ag inde-; 
pendent shutters on either side was devised. 
Small pieces of P.O.P. pafiers were inserted in 
each of the two apertures by temporarily sikling 
the . shutters on the back side. One ' piece was 
exposed directly to sunlight by sliding one of the 
front shutters for 15 seconds. The" tanning 
acquired by this served as a standard., , The 
second piece was then exposed to the light whose ; 
intensity was required. The time which' this 
paper took to acquire the same tamiing was' 
noted. The standard paper ■ alongside was 
occasiona.Iiy viewed, by moving the shutter for 
a second or so for the purpose of comparison. 
It may be mentioned that as P.O.P. papers are 
not sensitive to any - appreciable degree in the 
diffused light, occasional exposures of . the 
‘standard’ ,papers for, a second or two in the 
diffused light of the room would not afiect its 
tanning previously acquired on exposure to 
sunlight, in this way by determining the^ tijiie 
of exposure , needed in different : lights to get . 
standard taiming on P.O.P. papers, their inten- 
sities weve compared. This, though no doubt 
a rough method, served ,to give some idea of the 
intensities of light. 

The basic curve between d and clay percentage. 
(Table I) was determined in light whose intensity 
.corresponded to 15 minutes’^exposure. Observa- 
tions were then taken with the same concentra- 
tions of P.C. 13 soE in six different places wh(‘,ro 
times of exposure needed were 4, 6, 18, 62, and 
77. minutes. ' The values for, clay as^ det(3rmined 
with reference to the basic '.ourvef are given in 
Table IV. 
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Table IV 

Efjed of different intensities of light on day content 


Pen^entago of clay 
m plotted on the 
basic eurv€3 pro- 
pared in light, of 
intensity eorre- 


;brm-*ntago of chiy iw deb ^ni lined in lights eorrespoudiiig to the following times of exposures 


min lit es’ exposure 


4 mi.n. 

6 nii.n. 

8 min. 

34 min. 

62 min.. 

77 min. 

5*6 

5*8 

5*2 

6*0 

5*5 

4*8 

li*6 

11*0 

11*0 

11*8 

11*5 

11*0 

16*4 

16*8 

16*8 

16*4 

16*8 

17*0 

1 20*3 

21*2 

22*0 

22*0 

22*0 

22*8 

1 28*0 

■ 28*© 

27*8 

28*0 

29*0 

27*8 

r ^ 33*8 

33*5 

34*0 1 

! ■ 33*8 

33*8 

36*0^ 

38*5 

40*0 I 

40*8 

41*5 

40*5 

41*0. 

1 . 46*0 

" 46*8 ' 1 

44*0 

46*8 

44*0 

46*0 

1 51*0 

52*0 

52*5 

52*5 

52*5 

52*5 

1 .66-0 

i 

57*0 

57*0 

57*8 

67*0 

58*0 



It wiM be seen that differenecB in the values of 
.clay, obtained by niakiiig observations in different 
. intensities of light .are .very sniall except when 
clay contents are rather high but even for these 
the agreement iS' not so bad. But m in soils with 
high clay percentage, further dilution has been 
' sugge.sted and as extremes' of intensities of light 
are to be ■ avoided, the method .is practically free 
from,, any serious error. • In this connection the 
following points may be emphasized : 

(a) The experiinoiits should be oondiioted in 
difiused daylight in a room or otherwise covered 
place. In open space the glare of light reflected 
from the liquid interferes with the observations. 

(5) The extremes of intensities of light should 
be avoided. For example, if the basic curve 
is prepared in light the intensity of which corres- 
po.nds to 15 minutes’ exposure, experiments should 
not be conducted in lights who.se intensities cor- 
respond to more than 60 minutes or less than 3 
minutes’ exposures. 

(c) It \rould b(^ better to conduct deteriiiinatioiis 
ill the same room where re^adings for the prepara- 
tions of the basic curve arc taken. 

Personal error. This can bo eliminatcxl if the 
basic curve is prepared by the observer hinivself. 
Ill 'kablo V vaiues obtained for 12 soils by two 
persons are given. The basic curve was prepared 
by one of them. 

Different colours of soils. The colour of the 
suspension would appear at first sight to affect 
determinations by this method, but as the sus- 


pipette method and the proposed method rules 
out any possibility of error on account of this 
factor. 

Table V 

Magnitude of personal error in clay esUmation 

I Percenfcago of clay 


Soil Nc/t 

Defcormin- 

edbyA 

Determiii- 
ed by B 

P.0.271 . . . 

17*0 

15*2 

P. C. 230 . 

'27*0 

24*6 

P. C. 247 . 

12*6 

10*8 

P. 0. 255 . 

14*6 

■ 13*0 

P. 0. 283 . ■ . ' . . i 

14*6 

17*0 

P. a 285 . 

16*6 

18*2 

P, 0. 286 .... 

30*5 

27*2 

P. 0. 287 . 

20*2 

20*5 

P.' C. 288 , . . 

.25*0 

25*0 

P. 0. 290 . . 

12*8 

10*5 : 

P. C. 291 . . . . 

17*8 

20*0 

P. C. 292 . 

23*5 

22*6 .' 


pension is very dilute, the colour factor does not 
influence the results. In Table I soils selected 
w'ere of all colours available. The agreement 


w'ere of all colours available. The agreement 
between clay contents as determined by the 


Summaby 

A simple method which can be easily adopted 
ill field laboratories for finding clay contents of 
soils is described. It consists in measuring the 
turbidity of a diluted clay suspension with 
reference to standard suspensions by lowering 
gradually an object in the suspension till it 
becomes invisible to the eye placed vertically 
above the suspension at a convenient distance. 
Various sources of error are discussed. 
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THE OCCURRENCE AND SIGNIFICANCE OF TRACE ELEMENTS IN 
RELATION TO SOIL DETERIORATION 

I. MANGAmSSE 

By R. 0. Hoon and C. L. Dhawan, Irrigation Research, Institute, Lahore 
(Received for publication on 20 January 1943) 


CiKTAiK elements, viz. boron, iron; manganese, 
etc. although present in soils in relatively small ^ 
amounts are known to exercise a profound in- 
fluence on the growth and yield of crops. 
Manganese occupies rather a conspicuous position 
among this class of elements and numerous 
studies of its roll in soils are described in literature. 
I^he classical work of Bertrand and Rosenblatt 
[1921] brought out that manganese is invariably 
present in plants and is essential for their normal 
development. MoGeorge [1923] and Bertner 
[1935] had shown that if manganese is present in 
excess, to that snflficient for the normal growth of 
plants, it is known to have toxic effects. 

Very little work had so far been done in India 
in connection with the occurrence of trace ele- 
ments in soils. Quite recently Hoon, Dbawan 
and Madan [1941] examined soils from various 
districts of the Punjab for their trace elements 
content in relation to the yield of wheat. As a 
result of that investigation, significant correlations 
were shown to exist ]>etween the contents of 
manganese and available ;phosphates respectively 
in soils and the yield of wheat, but no significant 
correlation between the total soluble salt content 
and a low and insignificant correlation between the 
pK and yield of wheat were obtained. The present 
paper is intended to throw some fresh light on 
the occurrence and significance of manganese in 
the Punjab soils with special reference to soil 
deterioration. 

Expeeimental 

The method proposed by Iyer and Rajagopalan 
[1936] was adopted for the determination of 
manganese in soils. In the case of water samples 
a known volume was evaporated and the manga- 
nese determined in the residue. The j>B[ of 1 : 5 
soil suspensions and water samples was determined 
by the glass electrode according to Hoon and 
Taylor [1931], The other analyses reported in 
this paper were done by the usual methods. 

8oil profiles from areas with low water4ahle 

The Punjab alluvium being relatively a recent 
formation a well-developed soil profile showing 
horizons of eluviation and illuviation, as charac- 
terize the soils of the hilly areas receiving high 
precipitation, is seldom met witbt However, due 


to the arid climatic conditions prevailing in the 
Punjab, certain characteristics are .developed 
which frequently liilliience striictiiral, or ca!ou,r 
changes in the soil profile. , Therefore in the 
absence of well-marked genc^tic horizons In the 
profile, soil samples wer'C taken at, known depths 
along the profile up to the water-table from a 
number of places and analysed for their , manga- 
nese content. The results of the manganese 
content of a few soil profiles from areas with low 
water-table are given in Table 1. It is brought out 
that manganese can be traced throughout the 
depth, of the profile with slight but distinct 
accumulation in certain sections. This observa- 
tion was at variance with those made by Kelley 
[1912] in connection with his study of the 
Hawaiain soils that the manganese content dec- 
reased from the surface downwards. It may be 
pointed out here that the manganese contents 
given in Table I are not of that high order 
reported by other investigators but as shown by 
Hoon, Dhawan and Madan [1941]. Manganese 
even in such amounts manifested a fairly signi- 
ficant and negative correlation with the yield of 
wheat in the Punjab. It was a matter for further 
study whether the effect of manganese on the 
yield of wheat was direct or indirect due to 
some other factor which determined the accvimula* 
tion of manganese in the soil. 

Manganese content of snbsoil water samples 

Pits were dug down to the water-table at a 
number of positions in certain reclamation areas, 
viz. Amirpura. (125 acres), Maharanwala (13 
acres), Chakanwali (3,400 acres waterlogged) 
and Raniwah Drain areas and samples of subsoil 
water taken from the bore-holes. These sam- 
ples were analysed for their' total soluble; 
salt and manganese contents and pH. The 
results of analyses ■ given in Table II show 
that the subsoil water samples ■ taken from 
a number of sites in' the .same area manifest 
considerable differences in their soluble salts 
' and manganese contents. It means: .that ^ the 
subsoil flow in the Punjab alluvium is consider- 
ably impeded. However, a high soluble salt 
content of the water samples is ' invariably 
associated with a high manganese content. In 
areas where the water^able is within 3-4 ft. 
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Table I 


Mestdts of the munganese content of soil profiles token from o low water-table area {JJiok Ditto CImk 

No^ 433 G.' B.) 


Soil profile taken from, Sq» No. 31/54 Soil profile taken from Sq. No. 56/47 Soil profile taken from Sq. No. 55/46 

^ , . Field No. 1 


No, 

Depth 

Manganese 
content in 
millieqnivalentfi 
per 100 gm. 
of soil 

S.No. 

Depth 

Manganese 
content in 
milliequivalents 
per 100 gm. 
of soil 

S. No, 

Depth 

Manganese 
content in 
millieqnivalens 
per ' 100 gm.t 
of soil 

1 

in. 


3-85 

1 

0—6 in. 


2*30 

1 

0 — 6 in. 


3*70 

2 

6-— 12 in. 


2-95 

2 

6— 12 m. 


2*40 

2 

6 — -12 in,. 


3*90 

3 

1—2 ft. 


2 '55 

3 

1—2 ft. 


2*35 

3 

1—2 ft. 


3-60 

4 

2—3 ft. 


4-30 

4 

2—3 ft. 


2*65 

4 

2—4 ft. 


2-90 

5 

, ft. 


3-60 

5 

3—4 ft. 


1*80 

5 

4—5 ft. 


2-90 

6 

4—6 ft. 


2*40 

6 

4— Sft. 


1*10 

6 

5— 7 ft. 


2*80 

7 

6—8 ft. 


2*85 

7 

5— 6 ft. 

• 

2*20 

7 

7—8 ft. 


3*00. 

8 

8—9 ft. 


3*10 

8 

6—7 ft. 


2*00 

8 

8—10 ft. 


2*90 

9 

9— 10 ft. 


3*35 

9 

7—8 ft. 


2*25 

9 

10—11 ft. 


2*30 

10 

10—11 ft. 


3*05 

10 

8— 9 ft. 


2*65 

10 

11— 12 ft. 


2*70 

11 

11— 12 ft. 


2*75 

11 

9— 10 ft. 


2*60 . 

11 

12—13 ft. 


2*50 

12 

12—13 ft. 


2-75 

12 

19—11 ft. 


2*25 

12 

13— 14 ft. 


2*80 

13 

13—14 ft. 


2-90 

13 

11—12 ft. 


2*75 

13 

14—15 ft. 


2*80 

14 

i4_15 ft. 


4*20 

14 

12—13 ft. 


2*90 

14 

15—16 ft. 


2*30 

15 

15—16 ft. 


4-00 

15 

13—14 ft. 


2*90 

15 

16—17 ft. 


3*50 

16 

16—17 ft. 


3-80 

16 

14—16 ft. 


2*50 

16 

17— 18 ft. 


2* 70 

17 

1 17.»-I8ffe, 


3>00 

17 

16—17 ft. 


2*70 

17 

Ig— 19 ft. 


2*70 

18 

18— 19 ft. 


3*40 

18 

17—19 ft. 


2*10 

18 

19—20 ft. 


3*00 

19 

19—20 ft. 


2*35 

19 

19—20 ft. 


2*15 

19 

20—21 ft. 


3*65 

20 

20—21 ft. 


2*30 

20 

20—21 ft. 


2*50 

20 

21—22 ft. 


4*00 

21 

21— 22 ft. 


2*60 

21 

21—22 ft. 


1*90 

21 

22—23 ft. 


2 -SO' 

22 

22—23 ft. 

. 

1*80 

22 

22 — 23 ft. 


2*06 

22 

23— 24 ft. 


1*50 

23 

23--24 ft. 


1*95 

23 

23—24 ft. 


1*95 

23 

24—25 ft. 


1*10 

24 

24—26 ft. 

• 1 

1*95 

24 

24—26 ft. 
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from the surface the total soluble salt content 
of water is very low and there is little manganese 
in the subsoil water. This may be attributed to 
reduced impedence in the flow of water under 
high water-table conditions. 


Manganese content of soils in relation to pro- 
dnctivity 

From the data of yield of major agricultural 
crops a few sites were roughly classed as good, 
average and poor. Soil samples were taken at 
those sites and a comparison of their manganese 
content made. The results of analyses are given 
in Table III. This study shows that there is 
relatively a higher manganese content in soils 
representing areas having poor yield of crops 
than those taken from areas with good or average 
yield. The difference in the manganese content 
is more pronounced in the top 3-4 ft. portion 
of the various soil profiles examined. 

It is admitted that in case of soils representing 
poor crop yield the pB. is definitely high and in 


certain cases the total soluble salt content is high 
and these might also contribute to low crop yield. 
It has been shown by Hoon and Dhawan [1940] 
that soils having high pH, if subjected to electro- 
dialysis, yield more manganese in soluble form 
than soils of low pH. Moreover, the major 
portion of electrodialysable manganese separates 
in the beginning. It is not surprising, therefore, 
that in soils of high pH more manganese comes 
out in the soluble form and thus, becoming avail- 
able to plants in quantities greater than their 
normal requirements, inhibits their growth. 
Further, this availability of manganese is reduced 
when the dominant base in the exchange complex 
of soil is calcium. Total soluble salts when present 
in high concentrations, as reported for certain 
cases in Table III, also affect the yield adversely. 
But, as pointed out by Hoon, Dhawan and Madan 
[1941], the correlation in the case of manganese 
was more significant than either of those of pH 
or total soluble salts in relation to the yield of 
wheat in the Punjab. 
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Table II 


Mesidts of analyses of subsoil water samples taken from differmU redanmUon arem 








1 Parts per 100,000 parts 
i of water 


S. Ho. 

Hame of site 




pU 

Total soluble 
salt content 

.Manganese 

content 

Rem.ar.k8 

1 

Amirpwra reclamation site 




9-01 

984*8 

182 


2 

Ditto 




7-90 

334-8 

Traces 


. a 

Ditto 




8-86 

498-2 

55 


4 

Ditto 




8-43 

280-6 

40 


5 

Ditto 




7-67 

214*4 

51 


6 

Ditto 




7-87 

n 4-4 

81 


7 

Ditto 




7-30 

53*8 

nil 


8 

Ditto 




7-14 

76*6 

nil 


9 

Ditto 




7-34 

71*2 

nil 


1 

Mehranwala reclamation site 




8-12 

532-2 

66 


2 

Ditto 




7-18 

208*2 

18 


3 ' 

Ditto 




7-35 

292-2 

30 


4 

Ditto 




7-92 

2489-1 

106 


5 

Ditto 




8-42 

2279-6 . 

105 


6 

Ditto 




7-85 

363*6 

02*6 


7 

Ditto 




8-22 

149-8 

22-6 


8 

1 Ditto 




7-64 

766-4 

72 


9 

Ditto 




7-56 

312-0 

32 


10 

Ditto . . 




8*34 

135-9 

16 



Lower Baniwali drain area 




7-12 

407-0 

48 


2 ' " 

Ditto 




8-55 

280-2 

66 


3 

Ditto 




7*18 

162*0 

64 


4 

Ditto 




6-73 

512*6 

92 


5 

Ditto 




6-60 

549*6 

i 

j 

150 


1 

Ohakanwaii reclamation farm 

-7- 



7-38 

38-5 

nil 

1 Waterlogged 
site (water- 
table wi.tMn 
3-4 ft. from 
surface) 

2 

Ditto 




7-42 

18-8 

nil 

Ditto 

3 

Lil Village on D.C. Canal 

• 

• 

• 

7-32 

27 -30 

nil 

■ Ditto.' 

4 

Plao"^ near ehichoki mailian 


• 


6-76 

54 - 60 

' 0-43 

I ' Ditto 

t 


During the course of the soil surveys it was 
observed that different types of naturally growing 
flora get established at various places. An 
examination of soils with reference to the type of 
flora borne on them had revealed that some types 
of flora, at any rate, might serve as indicators 
,of the development of certain special characteris- 
tics in the soils [Hoon, Dhawan and Mehta, 1939 ; 
Hoon and Mehta, 1937]. As an illustration, one 
case of such typical flora may be cited. Lani 
{Suaeda fruticosa) grows profusely, to almost 
exclusion of ail other types of natural flora, on 
land representing a fairl}’^ advanced stage of 
deterioration. Such land can be classed as un- 
economic from the point of view of agricultural 
development or reclamation. With advancing 
deterioration such toi-bearing areas, in course 


of time, become devoid of all vegetation and 
develop into bare batches. Soil samples taken 
from areas bearing lani and devoid of vegetation 
were analysed for their manganese and total 
soluble salt contents and pH. The results of 
analyses are given in Table IV, .It is shown, 
that such: areas have a high manganese content, 
soils representing areas devoid of vegetation 
having, more manganese than those taken from 
Zam-bearing areas. Another characteristic differ- 
ence in the manganese content of soils from 
those two areas is that, whereas the manganese 
content in the top portions of the profiles re- 
presenting lani is less than the underlsdng portions, 
that in profiles from areas devoid of vegeta- 
tion is high throughout the whole profile. Inci- 
dentally again, the soils from these two types of 
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Table III 

Mestilis of analyses of soil samples with reference to the cropping condition at the sites 


S.No. 

Description of site, etc. 

Depth of soil 
sample 

Per cent total 
soluble salt 
content 

pH 

Manganese 
cont€Jnt in 
m ill iequivalon t s 
per iOO, gm. 
of soil , 

Classification 
of land on the 
basis of pro- 
ductivity of 
major agricul- 
tural crops, i.e. 
good, average 
or poor 

1 

Field No. 3860 Mabninwali 

0 — 7 in. 


0*11 

7*98 

0*75 

Good 

2 


7— 26 m 


0*07 

7*94 

1*06 


3 


26 — 44 in. 


0*38 

8*00 

2*00 


4 


44—50 in. 


0-09 

7*86 

0*70 


1' 

Field No. 2130 Mahmnwali 

0 — 6 in. 


0*16 

7*99 

1*30 

Good 

2 


6 — 12 in. 


0*14 

7*77 

1*30 


3 


12 — 24 m. 


0*14 

7*82 

1*10 


4 


24—36 in. 


0*14 

8*04 

1-40 


1 

Field No. 2710 Mahranwali 

0—3*5 in. 


0*14 

8*05 

0*75 

Average 

2 


3 -a- 21 in. 


0*11 

7*95 

1*20 


3 


21 — 42 in. 


0*11 

8*10 

1*20 


4 


42 — 53 in. 


0*13 

7*57 

2*85 


5 


53 — 64 in. 


0*11 

8*27 

1*20 


1 ' 

Field No. 2710 Mabrunwali 

0 — fin. 


1*05 

7*62 

2*75 

Below averag® 

2 


§ — 5 in. 

. 

1*11 

8*40 

2*75 


3 


5—27 in. 

, 

1*00 

8*53 ^ 

4*30 


4 : 


27— 46 -6 in. 

0*17 

8*44 

1*90 


' 5 


46.5_55in. 


0*25 

9*58 

2-80 


3 


55—74 in. 

• 

0*20 

8*86 

2-30 

i 

'll 

Plot 20 Ajudhiapur . 

0 — 6 in. 


1*69 

10*46 

4*00 

Poor 

2 


6—12 in. 


1*35 

10*44 

4-00 


3 


12—24 in. 


1*00 

10*40 

3*40 


4 


24—36 m. 


0*66 

! 10*28 

2*70 ^ 


1 

Plot 9 Ajudhiapiir . 

0—6 in. 


0*18 

9*47 

3*90 

Poor 

2 


6 — 12 in. 


0*10 

i 8*60 

4*90 


3 


12— 24 m. 


1*09 

9*28 

4*90 


4 


24—36 in. 


0*59 

9*84 

4*05 


1 

Rakh Amanat Sarai (Thur 

0 — 3 in. 



9*60 

4*35 

Poor 

2 

Area) 

3 — 6 in. 


. , 

9*80 

4*55 


3 


6 — 13 in. 



10*20 

4*60 


4 


13—32 in. 



9*90 

4*70 


1 

Amirpura Field No. 446 Bl. 

0 — 6 in. 



9*56 

4*10 

Poor 

2 


6—12 in. 



10*10 

4*55 


3 


12—24 in. 


• . i 

10*02 

5*25 


4 


24—36 in. 



9*97 

4*35 



areas Rave a very high pS wMch confirms the 
statement made in the earlier part of this paper 
and in a previous publication [Hoon and 
Dhawan, 1940]. 

Manganese content of soils in relation to their 

mechanical composition 

An accumulation of manganese in certain 
sections of the soil profiles occurs as pointed 
out in preceding sections, Robinson [1929] 
showed that manganese occuiTed in soils large- 
Ij as manganese dioxide concretions concen- 


trated in the sand and silt fractions and the 
bulk of exchangeable manganese was located in 
the colloidal fractions. An examination was 
made to bring out if the accumulation of manga- 
nese in the soils under reference manifested 
any relation to their mechanical composition. 
Although it was not possible to determine 
the proportion of manganese in the form of 
concretions and exchangeable separately, as 
reported by Robinson, but the results of the 
total manganese content and mechanical analysis 
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of scliis are given in Table V. It is shown 
that, ill general, an increase in the silt and clay 
fractions (particles below 0*02 mm,.) is accom*- 
|)anied by an increase in, the manganese content 
of soils and vice versa. It seems, tlierefore,. 
that as far as the presence of manganese in the 
soils of the Punjab is concerned the major part 


occurs in the e^cchangeable form rather than as 
concretions concentrated in sand fraction. Iliat 
also accounts for thc^ comparatively low content 
of manganese* reported for the Punjab soils 
than those reported !»y otlun* investigators 
for some special maiiganiferoiis soils in otlier parts 
of the world. 


Table I? 


Eestdis of mialyms of soil samples from deterionded arem 


vS. No. 


.Type 


Deptli 


A 


B 


C 


D 


1 I Profile taken from an area under 

2 I lani {Suaeda fruticosa)* 

3 I 

4 I 


0—4 in. 
4—16 in. 
16—24 in. 
24—36 in. 


1 ! Ditto . 

2 ' 

3 I 

4 I 

5 i 

1 I profile taken from 

2 devoid, of vegetation 

3 ; 

4 j 

1 I Ditto . 

2 i 

3 
4' 

5 


0— 2J in. 
2J—11 ill. 

11—22 in. 
22—33 in. 
33—48 ki. 

an area 0— | in. 

1 — 3^ in. 
.„26 in. 

26— 36 m. 

, ; 0 — Jin. 

J — 7 in. 

! 7 — 18 ill. 

18— 32 in. 
32— 48 m. 


The occurrence of kankar {calcium carbonate : 
soil concretions) in the Punjab soils in relation 
to iJieir manganese content 
On account of arid climatio conditions prevalent 
in the Punjab plains the soils of this part con- 
tain varying contents of soluble sodium salts, 
viz, sodiuiii chloride, sodium sulphate, etc. 
and are alkaline in reaction. Moreover, at 
certain places and at certain depths of soil pro- 
file (nodular calcium carbonate) is met 

with. The factors governing the formation of 
in soils has not yet been precisely defined. 
A fluctuating water-table rich in bicarbonate 
content is considered to be one plausible expla- 
nation of the formation oi hanhar in soils [1936]. 

A few soil profiles from hanhar-hcsxmg areas 
were examined for their manganese content. 
The results of this study are given in Tables VI, 
VII and VIII. It is brought out that : 

(i) The manganese content of the soil in 
the layer where kanhar nodules are 
present is comparatively higher than 


Per oeiit total 
soluble sa,it 
■content 

pH 

1 I^Taganese 
i content in 
i miliiequivaleiiti 
! per'iOOgm. 

. of soil 

2*46 

9*70 

1 ,2*15 . 

0*19 

10*15 

.| 3*25 ■ 

0*13 

9*87 

I , 2*00 

1 0*11 

9*64 

: 4*00 

I 1*16 

8*97 

1 1*95 

i 0*57 

9*48 

1 4*40 

; 0*53 ' 

’ 9*41 

i -a-oo 

1 M5 

^ 9*11 

i 3*20 

1 0*83 

1 9*24 

I 3*20 

1 0*13 

. 9*07 

j 4 ■■•05 

1 0*61 

i 9*64 

,4*95 

i 0*51 

1 9*82 . 

j 5*i0 

i 0*23 

I 9*64 

1 4*60 

1 0*84 

; 9*28 

1 3*20 

^ 1*18 

1 9*70 

; 4*40 

0*99 

i 9*79 

i 3*70 

■0*61 

i 10*90 

i 4*00 

0*43 

10*00 

1 3*60 

L ' ', 


in the layer where they are absent 
(Table VI). 

{ii) Thera is a slight indication of the 
manganese content of the ifcrafof nodules 
being generaliy Mgher than that in the 
, soil present in the kanhar strata {Table 

VII) . 

(ui) If the kankar nodules were graded ac- 
cording to thek sizes, e.g. large, medium 
and s,mali (pea-sized) then there is a 
slight indication of diflferences in the, 
manganese .content of' kankar nodules 
according to their sizes, the manganese 
content of the pea-sized kankar nodules 
being relatively greater than .that of the 
large or medium-sized nodules (Table 

VIII) . 

The accumulation of manganese in the kankar 
nodules may bo attributed to the fact that the 
formation of kankar is associated with the high 
alkafimty ' of , ' soil which coiiditioii is also con- 
ducive to' a high manganese content, It is not 
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unlikely that manganese forms the nucleus for 
the 'nodules to grow in size due to the causes 
not yet clearly ' defined. This might, howeyer, 


explain why , the percentage of . manganese , in 
big-sized kankar nodules is^ comparatively less 
than ill the pea-sized kankar. 


Table V 

Besults of analyses of a few soil profiles showing ihe manganese content of soils in relation to their 

mechanical composttton 


S. No. 

Depth 

Per cent 



sand 

Profile I 



1 

0 — 6 m 

33-9 

2 

6—12 in 

43*2 

B 

1—2 ft 

51-0 

4 

2—3 ft. . . 

42-6 

5 

3— 4 ft. 

47-2 

6 

4 — 6 ft. . . . 

60*6 

7 

5—6 ft 

56-1 

8 

6—7 ft 

62-8 

9 

7— 8 ft. . . . . 

39-8 

10 

8—9 ft 

60-3 

11 

9—10 ft 

76‘0 

12 

10—11 ft 

66-9 

13 

11— 12 ft 

79-4 

14 

12—13 ft 

79-4 

Profile II 



1 

0 — 6 in. . . 

36-3 

2 

6—12 in. . . . . 

50*6 

3 

1—2 ft. . . ■ . 

51-9 

4 

2—4 ft 

35-5 

0 

4—5 ft 

55*7 

6 

5 — 6 in, .... 

55-7 

7 

6— 7 ft. . ... 

69-6 

8 

7—8 ft. . . . . 

74-6 

9 

8— 9 ft. . . . 

66*1 

10 

9—10 ft 

54*8 

11 

10— lift. . . 

51*8 

12 

11— 12 ft 

25*2 

13 

12—13 ft 

44-0 

14 

13^14 ft. . . . 

61*6 

Profile III 



1 

0 — 6 in. ... . 

62*7 

' 2 

6—12 in. . . . . 

58-7 

3 

1—2 ft. . . . 

49*4 

4 

2— 3 ft. . 

49*8 

3 

3—4 ft. . . 

48*9 

6 

4^5 ft. . . 

61*6 

7 

5—6 ft. . . . . 

45*0 

8 

6—8 ft. . . . . 

46*3 

9 

8— 9ft. . . . . 

60*3 

10 

9—10 ft. . ... 

59*6 

11 

10—11 ft. . . . . 

29*5 

12 

11—12 ft. . . . . 

34*9 

13 

12—13 ft. . ... 

35*4 

14 

13—14 ft. . . . . 

37-9 

15 

14— 15 ft. . . . . 

45*6 

Profile IV 



1 

0 — 2 in. . . . 

55*4 

2 

2 — 6 in. 

66* 7 

3 

6 in. — 3 ft. , 

94*9 


Mechanical analysis 

Min. m.e. 
per 100 gm. 
of soil 

pH 


per cent 
silt 

Per cent 
clay 


36*3 

20*1 

4*6 

9*8 


32-0 

13*7 

3*2 

9*6 


27-0 ■ 

14*3 

2*6 

9*7 


34-0 

15*1 * 

3*5 

9*5 


26*0 

17*8 

2*8 

9*1 


17-9 

10*5 

2*8 

9*7 


25*7 

9*3 

3*9 

9*4 


22-2 

8*7 

2*8 

9*6 


34-9 

14*0 

4*1 

9*5 


25- 1 

6*7 

2*6 

9*5 


34-3 

6*7 

3*3 

9*5 


18-6 

8*0 

2*8 

9*4 


11-9 

6*4 

2*2 

9*2 


12-9 

5*9 

2*9 

8*7 


27*5 

25*6 

4-1 

9*7 


21*1 

17*7 

3*2 

9*6 


20*5 

16-3 

3*5 

9*6 


41-2 

15*1 

4*1 

8*9 


21-0 

13*5 

3*5 

9*5 


21-2 

12*9 

3*4 

9*5 


13-6 

8*8 

2*4 

8*8 


12-3 

5*6 

2*0 

8-8 


17-3 

6*9 

3*3 

9*0 


22- 1 

13*3 

3*8 

9*6 


27-4 

10*6 

3*0 

9*0 


. 47-2 

16*7 

4*8 

9-1 


36-7 

11*4 

4*2 

9*2 


28-3 

5*6 

3*5 

9*3 


19-5 

8*1 

2*3 

9*9 


19-1 

15*7 

3*3 

9*8 


24-3 

20*7 

4*9 

9*9 


23-4 

21*0 

3*9 

9*8 


23-2 

20*0 

"■ 4*3 

9*7 , 


19-0 

11*6 

2*7 

. 9*7 , ■ 


29-8 

13*9 

2*9 

9*6 


. 28-6 

15*1 

3*2 

9*6 


18-7 

10*8 

2*0 

9*6 


12-S 

16*6 

2*1 

.■ 9- 5 : , 


40-9 

20*9 

3*0 

9*5 : ' 


36-5 

17*0 

3*0 

9*5 ' 


38-9 

15*1 

3*3 

9*5 ' 


36-8 

13*8 

1*6 

9*4 


31-0 

11*7 

1*6 

, §>4 : 


28-2 

11*5 

3*2 

’8*4 


17-4 

8*1 

2*4 

8*4 


l-O 

0.7 

2*2 

8*5 
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Table VI 


BesuUs of the manganese content of some kankar 
bearing soil profiles 


S.Ko., 

Deptli 

Manganese 
content in 
iMilieqniTa- 
lents per 
100 gm. of 
soil 

Cliaracteristlcs of soil 
Strata 

Profile I 




1 

0~”6 is. • 

2*1 


2 

6 in.— 1ft. . 

3-5 


.s 

1—2 ft. 

3*6’ 



4 

2— 3 ft. . 

3*7 



5 

3—4 ft. . 

3-7 



6 

4—5 ft. . 

3*6 


Kanhar zone liaving small- 

7 

5— 6 ft. ■- . 

3*9 


sized nodules 

8 

6—7 ft. . 

3*9 



9 

7—8 ft. . 

3-2 



10 

8—9 ft. , 

3-6^ 



11 

9—10 ft. . 

2-1 


12 

10—11 ft. . 

3*0 


13 

11—12 ft. . 

2-7 


14 

12—13 ft. . 

2*6 


15 

13—14 ft. . 

2*6 


16 

14—15 ft. . 

2*5 


17 

15—16 ft. . 

2*2 


Profile II 




1 

0—6 in. . 

2*2 


2 

6 in,— 1 ft. . 

2*3 


3 

1—2 ft, . 

2*8 


4 

2—3 ft. 

3*0" 



5 

3—4 ft. . 

8*3 



6 

4—5 ft. . 

3*0 


Kankar zone having small- 

7 

5—6 ft. . 

3*2 


sized nodules 

S 

6—7 ft. 

4*2 



9 

7—8 ft. . 

3*2j 



10 

8—9 ft. . 

2*7 


11 

9—10 ft. . 

2*1 


12 

10—11 ft. . 

1*9 


13 

11—12 ft. . 

2*1 


14 

12—13 ft, , 

2*0 


15 

13—14 ft. . 

1*0 

Almost sand 

16 

1 14— 15 ft. . 

1-8* 


Coarse sand saturated 

17 

16—16 ft. . 

1*9 

[ 

with subsoil water 

18 

16— 17 ft. . 

2*0. 



Profile III 




1 

0—6 in. , 

2*0 


2 

6 in.— 1 ft. 

3*1 



3 

1—2 ft. . 

3*0 



4 

2—3 ft. . 

3*6 



5 

3—4 ft, • 

3*6 



6 

4—5 ft. . 

3*4 


Kankar zone having small 

7 

5— 6 ft. . 

3*2 


and big-sized kankar^ 

8 

6— 7 ft. . 

3*7 



9 

7— 8 ft. . 

2 9 



10 

8 — 9 ft: , 

3-4 



11 

9—10 ft. . 

2*4 


12 

10—11 ft. , 

2*8 

Pine sand 

13 

11—12 ft. . 

2*7 

Coarse sand 

14 

12—13 ft. . 

2*7 

Coarse sand 

15 

13—14 ft. , 

1*9' 



16 

14—16 ft, . 

1*8 


Sand saturated with sub- 


15— 16 ft. . 

1*4. 


soil water 

18 

16— 17 ft. . 

1*6 



, SOMMABY 

i Manganese has been shown to be present in 

t the soil profile right up to the water-table with 
slight accumulation in certain sections of the pro- 
file in areas where the water-table is low. In 
general an increase in the silt and clay fractions 
I is accompanied by a slight increase in themanga- 
I nese content of soil and vice versa. 


Table VII 


RmulU of the man^amse content of kankar modtdes 
and the soil matrix in some kankar fjea^ing soil 
.profiles 



* 


Manganese eemtent 
in.e. per 100 gm. 

S. No. 

Sit© 

Depth 

Kmkm 

nodules 

; Soil matrix 
; In that 
strata 

Profile I 

1 

Cimisanwall 

Eeclamation 

0—7 in. 

2*8 ' 

1 . 2-6 

2 

1 area C/1 plot 

7—12 in. 

4*1 : 

1 2*8 

3 

1—2 ft. 

2*8 i 

* 2*6 

4 


Below 2 ft. 

2*9 : 

1 ■ 2-7 

Profile II 

1 

Do. X/1, plot 

0~~8 in. 

4*8 

.2*0 

2 


8 — 17 In. 

f 3*5 

I" 2*6 ■ 

3 


17—28 in. 

2*6 

1 1*9, 

4 


28—36 in. 

2*6 

1 :2*0 

Profile III 

1 

Do. 

0—10 In. 

5*2 

1 1-9 

2 


10 in.— 2 ft. 

5*4 

; 3*8 

^ 1 

f 

2— 3 ft. 

3*4 

i 3*2 


Table VIII 

Results of manganese content of the different sizes 
of kankar nodules and the soil matrix in 
kankar hearing strata of various soil profiles 


Manganese content; miliieqnivalents per 100 gm. 


S. No. 

Soil 

^ matrix 

Big-sized 

nodules 

Medium-sized 
nodules | 

i 

Small-sized 
i nodules 

1 

3-5 

3*0 

3*6 ! 

5*0 

2 

2*8 

Not present 

Not present 

37*0 

3 

2-9 

Do. 

5*8 ■ 

7*2 

4 

3*9 

3*6 

4*2 

8*0 

5 

4-0 

Not present 

4*4 

4*6 

6 

4*15 

4*0 

4*6 

6*2 

7 

3-4 

3*6 

Not p,resent 

4*0 

8 

3*7 

7*5 

9*6 

13*0 

9 

3-6 

Not present 

8*8 

11*2 


The subsoil water samples from areas having 
low crop 3rield8 have usually higher soluble salt 
and manganese contents than those from good 
or average land. Likewise, the soils from the 
former type of land have comparatively greater 
manganese content than those from the latter 
types, the difference being more prominent in 
the top 4 ft. portion of the profile. 

Soils of high j?H. value are associated with, 
relatively greater manganese content than those^ 
with low pH. 

A number of soils and subsoil water samples 
have been analysed for their total manganese 
content, A qualitative relationship is brought 
out between the manganese content and fertility 
of the soila, i.e. good and average soils contain 
less manganese than bad ones. 

The small (pea-siaed) Jba^fcar nodules have a 
slightly higher manganese content than large or 
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laedittm-sized nodules. Tlie soil- matrix in the 
hankar-'hBd^mig strata has also slightly higher 
manganese content than soils in strata where 
hanlmr is absent. 
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PRELIMINARY TREATMENT OP RED SOIL SEPARATES, AS OBTAINED 
BY MECHANICAL ANALYSIS POR MINERALOOICAL EXAMINATION 

By J. N. Chakbabobty, M. Be.. .P.h;. D., Asboo. I. A* E. I., Hoil riiciiust, Baeca. Uiiiversii y 

(Received for publication on 30 Marcdi 1943) 

In cx)iirse of miiieraiogicai aiiaiysis of Indian aliimiim to^ the luioerai paiiiclr^s in 
red soils by petrographic methods, it .was ob- fractions of red soils obtaiiHMj hy^ incchaiiirai 
served that soil fractions of different sizes, as analysis in which stilphidi -oxajic acini Ircaiiwmt 
obtained fry niechanical analysis were more or' has not been included. A pcs'lcc'lly vhitc* rcsidno 
less red in colour due to adhering iron oxide, which is obtained by keeping thf‘ soil s(‘paratc‘s fl gut. 
made identification of these soil separates difficult, in 25 c.e. of 10 nrhl) ior t wo hours on a 

The fine sand fractions appeared in many cases to water bath. Thc^ rc^sidue may be iiilcMTMl and 
consist entirely of iron oxide, although ffi reality washed with watew until free from c^olmnal solin 
they were eoinposed of diverse minerals with tion of iron oxide iji the acid It the matermi is 
coating of iron oxide hydrated or non-hydrated. not perfectly white by oiu^ Ircmtinent it shonld he 
Thus the reniovai of materials which form coating subjected to a second ojanation in the same \\a\ as 
over the minerals is essential before the minerals the first one. It has been seem that alumina is 
can exhibit fully their individiial optical properties, less easily a etei! on by this naigumt than 1rec‘ non 
Hendrick and Newland [1928] suggested trea oxide. Hydriodie acid does not appreemb y 
iiient of soil separates with oxalic acid for removal attack soil eoiistituents other than nee non oxn 
of iron oxide staiiis. Tamm [1934] advocated and free alumina. ^ r i t 

use of ammonium oxalate for the same purpose. A method of estimation ot free iron oxide 
But it has been observed that even long continued free alumina in red soils has been found possible 
boiling with oxalic acid or ammonium oxalate by using hydriodie acid. A treatmeiit \\ith this 
does not completely remove iron oxide coating reagent in course of meeliamcal aiiatysis ot sons 
in many cases. The use of acid ammonium by alkaline perinaiiganate in ethod evoivea by tiie 
oxalate is not entirelv satisfactory, inasmuch as author [Chakraborty, i93o] advisable, 

it takes unduly long'^time tending to act upon These points will form themes of future pubhea- 
other soil constituents. Truog and others [1936] tion. This reagent may also hnd useful appli- 
have fully elucidated the necessity of removal of cation in analysis of clays by A-ray. 
such interfering materials and have devised 

a special treatment of soils for mechanical and BBFBEIONOES 

iiiineralogical analysis. The sodium sulphide- 4. N. (1935). Th© mechaiiica! amilysis of 

oxalic acid treatment which tliey adopted is not latorite soils, III. ^Indian J. ugric. Soi. 5> 41 . 

free from objections. It requires a long time to be Newland, G. (1928). Fmc. Firsi Inih 

carried out and may attack less resistant materials Soil Soi Cornu, F, 104 

in soils. In spite of some of its defects the above O. (1934). Proc, Inti, Con. Soil.Sd, §, 204^5 

treatment is an essential supplement^ to tlie pro- (original not- seon) 

cesses involved in mo(;hanicai analysis of soils.^ Xmog, E„Tayk>r,J.'R., Peai*son,R,W., Weeks, M. 35. and 
The author has made use of hydriodie acid for ■ Simonson, R. W. (1936). Proc, Soil Sci, 8oc, Amer, 
removal of adhering free iron oxide and free 1,101 


alumina to the mineral parti<‘h‘s in f!ilfc*renl 
fractions of red soils obtaiiUTl by incrhaniraf 
analysis in which sulphide-oxalic aclal treatment 
has not been irulufied. A pcTiertly wliiti* residue 
is obtained by keeping the soil s(q)arates fl gm. 
ill 25 c.e. of 10 pcT cent add) for two hours on a 
water bath. Th<‘ n^sidue may be tillercMl and 
washed with watiw until free froin <‘oh.)unMl solu- 
tion of iron oxide in tins aeid. It the niaterial is 
not perfectly white by oiu^ treatment it should he 
subjected to a second ojieration in the same way as 
the first one. It has been seen that alumina is 
less easily ajdei! on by this riTigmit tiian trea* iron 
oxide. Hydriodie* aeid does not appreciably 
attack soli constituents other than free iron oxide* 
and free alumina. 

A method of estimation of free iron oxide and 
free alumina in red soils has been found possi]3fe 
by using hydriodie acid. A treatment with this 
reagent in eourse of meehanical analysis of soils 
by alkaline permanganate method evolved by the 
author [Chakraborty, 1935] seems advisable. 
These points, will form themes of future publica- 
tion. Tliis reagent may also find useful H'])|)li- 
cation in analysis of clays by X-ray. 
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STUDIES m THE PERIODIC PARTIAL FAILURES OP THE PUNJAB- 
AMERICAN COTTONS IN THE PUNJAB 


IX. THE INTERRELATION OP MANORIAL FACTORS AND WATER-SUPPLY ON THE 
GROWTH AND YIELD OF 4-F COTTON ON LIGHT SANDY SOILS* 


By R. H. Dastue and Mukhtae Singh, Punjab Agricultural College, Lyallpur 


(Received for publication on 24 August 1942) 


(With jSve 


Ihtrodxjctioh 


The investigations described here had their 
origin in the discovery of the causes responsible 
for the bad opening of bolls in the Punjab- American 
cottons, a phenomeiior« popularly termed as 
tirah. It has been established that two types of 
soil conditions are mainly associated with tirak. 
The present studies are in relation to only one 
of the soil types, namely light sandy soils deficient 
, in nutrients, especially nitrogen. 

The growth of plants on such soils is normal 
in the earlier stages of development and the 
appearance of deficiency symptoms usually 
synchronizes with the approach of the reproduc- 
tive phase. At this stage, the stems of the plants 
are characterized by the presence of anthocyanin 
pigments. There is also yellowing of leaves, 
followed in time by reddening and premature 
defoliation which intensifies with age. A marked 
reduction in the number and size of bolls occurs, 
eventually culminating in poor yields. As a 
decrease in boll size is accompanied by immaturity 
of seeds and poor quality of lint, the loss is both 
quantitative and qualitative. 

Premature yellowing of leaves indicates internal 
starvation for want of one of the essential elements, 
such as nitrogen, phosphorus, or potassium. 
Such deficiency symptoms in leaves have been 
described by various w^orkers in case of other crops 
as w'ell. Immaturity of seeds in the bolls show- 
ing tirah further suggests the probability of potash 
deficiency. From various parts of America, 
the cotton plant has been reported to show im- 
maturity of seeds when grown on potash-hungry 
soils. 

If these symptoms were directly caused by 
the deficiency of any one of the essential elements, 
application of the same should normally prevent 
the development of such abnormalities, while the 
use of others would prove ineffective (Liebig’s law 


* The investigations reported in this paper were 
carried out in the Punjab Physiological (Cotton Failure) 
Scheme financed jointly by the Indian Central Cotton 
Committee and the Punjab Government 


text-figures) 

of the minimum). The effectiveness of one facto r 
may, however, be limited by the level of another 
factor or factors (the principle of limiting factors). 
Hence it was necessary to study simultaneous 
changes in the level of all the three elements 
(H, P, K) by laying out multiple-factor experi- 
ments. For the same reason, the possibility of 
other factors, such as water-supply and organic 
manure, modifying the response to any one of 
the above-mentioned nutrients could not be 
ignored. 

It is not possible to appreciate and understand 
fully the effects of treatments, if the study is 
confined to the final yield data alone. Yield is 
the integration of growth processes and success 
or failure of any treatment would figure in the 
developmental records, collected at the different 
stages of growth. Morphological development 
is the index of the progress of physiological pro- 
cesses and the influence of disturbing factors, 
local or general, w^ould appear as depressions or 
peaks in the normal trend of the curves. By 
growth- analysis, the nature of the events that 
lead up to the final yield, can be followed up. 
Additional information becomes available con- 
cerning the shape and form of growth curves. 
Clearly, therefore, it was important to undertake 
developmental studies to complete the picture 
in the present case. 

Briefly stated, three features characterize the 
present investigation. Firstly, the studies have 
been made in relation to the problem of tirah, under 
known conditions of soil associated with it. 
Secondly, attention has been paid to the explora- 
tion of interactions by laying out factorial designs 
on modern lines. Thirdly, the studies have been 
supplemented by the maintenance of develop- 
mental records that have provided material for 
growth analysis. 

No published data concerning the effects of 
fertilizers on the growth, development and yield 
of cotton, under known conditions of soil are avail- 
able for the Punjab. A number of replicated 
single-factor yield trials were, all the same, made 
by the Department of Agriculture, Punjab [1936], 
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Three conchisions emerge from the study of the 
I results of these experiments. Firstly, the effect of 

1 nitrogen varied from place to place and season to 

season. In certain eases, the response was large, 
**’ ill others, meagre. Secondly, applicatioi* at fruit- 
ing, in general, proved better than the one made 
earlier. According to Crowther [1938] the supe- 
riority of the later application is to be attributed 
to the sandy character of the Punjab soils and 
to local factors like early shedding of flowers caused 
by the nondehiseenee of anthers. Thirdly, the 
phosphatic and the potassic fertilizers proved iti- 
effe'ctive. Afzal [1941] also refers to the absence of 
any manurial responses to N, P or K in his experi- 
ments at Lyallpur, running consecutively for a 
period of five years. On the other hand, Croudher 
[1939] deplored the general apathy in India 
towards the use of artificials in view of the lower 
nitrogen content of the soils of this country in 
comparison with those of Egypt where nitrogenous 
fertilizers have, in particular, gained popu- 

larity, and increasing returns have invatia’bly been 
obtained. Eecent researches done in the Punjab 
[Dastur, 1941 ; Dastur and Singh, 1942] have 
disclosed the causes for such discrepancies in the 
effectiveness of nitrogen. It is established that 
nitrogenous applications produce little effect on 
soils with saline subsoils. Heavy increases in 
yield are a feature of the light sandy soils having no 
subsoil salinity as would be clear from the results 
presented here. Eelative proportions of the two 
soil types in a particular field would, therefore, 
determine the magnitude of its responsiveness. 

Eecently much useful work has been done in 
Sudan [Gregory et al. 1932 ; Crowther, 1934 ; 
Lambert and Crowther, 1935] and in Egypt 
[Crowther and his associates, 1935-1937]. on the 
interactions of factors on crop growth. It may, 
however, be pointed out that these comprehen- 
sive experiments were laid out irrespective of the 
soil conditions. The rdle of soil as a master factor 
modifying the response to nitrogen, under the 
same climatic conditions, has already been quoted 
as an instance, and this point should not be lest 
sight of in comparing the results obtained in Egypt 
and Sudan with those reported herein. 

Investigation 
Experiment I (1937-38) 

A piece of land, covering an area of 6 acres 
at the Lyallpur Agricultural Farm, where tirak 
symptoms were observed in 1935-36, was selected 
for this investigation. The soil of this area is 
light sandy composed of 10-15 per cent clay, 
10-20 per cent silt and 65-75 per cent ^nd 
fractions. The land was kept fallow and given 
adequate preliminary cultivation during 1936-37, 
and was laid out in the succeeding season. 


Description of the exparimeni 

Experimental treatments and layout. The entire 
area was divided into three 2-a(!re bloeks. Each 
block was subdivided into four main plots to which 
were assigned at random the lour main [dot 
treatments : 

(o) X (wf) = uqo, Wip, Wim, wpn ; 

(m) (Wi) 

where o = No organic manure, 

m ~ Farmyard manure at .5 tons per 
acre, 

Wj = Normal waterings during the 
growing .season, and 
Wj = Heavy waterings during the 
growing season. 

Differentiation of watering started from the first 
irrigation and was secured by rewatering 
plots at an interval of 16-24 hours following the 
normal conrse of watering throughout. 

Each of the 12 main plots w'as split up into eight 
sub-plots for the random distribution of the eight 
treatment combinations enumerated below : 

(o) X (o) X (o) = o,n,p,k,np,nk, pk, npk; 

(n) (p) (h) 

where o — No fertilizer, 

n = Nitrogen at 4S ib. per acre, 
p ' = PgOs at 120 ib. per acre, ' 
k = KgO at 48 lb. per acre, 
np - .48 lb. N +120 lb. per 

nk = 48 lb. N+48 lb. per acre, 
pk - 120 lb. PA +48 lb. KgO per 
acre, and 

npk ^ 48 lb. N+ 1 20 lb. P^O^ +48 lb. 
KgO per acre. 

N : PA = 2:5; 2 

There were thus ,82 treatinent ■ combinations 
with three absolute replicates.' The total number 
of plots under experiment was , 96, each^ of 1/20 
acre at sowing, intercepted by .buffer, strips 
(4 ft. wide) as a provision against seepage effects. 

Sowings were done from 18 to 22 May. Other 
cultural details were in conformity with the stand- 
ard agricultural practices prevalent at the Lyallpur 

Farm. ‘ +j . 

Farmyard' manure, superphosphate and potash 
were applied before the sowing irrigation. Am- 
monium sulphate at 100 lb. per acre was also 
given before sowing. The complementary dose 
of this fertilizer at 133 lb, per acre was given on 
9-10 August. 

CoUectioTie of iota 

Fortnightly height measurements and nodal 
counts of the main axis w’cre taken on five plants 
in each plot. Cotyledonary node was reckoned 
as the zero node for counts and served as the lower 
fixed point for height. The point of attachment 
to main axis of the last leaf iinfolded marked the 
upper point. The records for height and nodes 
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allowed of the caloulation of the average inter- 
nodal length. 

Ihventy plants, to form two nnits of ten plants 
each, were tagged in each subplot for determina- 
tions of the ininiber of bolls and the weight of 
kapas per boll prior to each picking. These 
characters are the components of yield. The yield 
of kapas from each experimental plot, 1/48 acre 
each after rejecting non-experimentai borders, was 
recorded for each picking. The cotton sticks from 
the experimental beds were v»eighed at harvest. 

Experimental results 

Height^ node mmiher and internodal length. The 
data for height, node number and internodal 
length have been graphically represented in Fig. 1. 
As potash had no effect on any of these characters 
the generalized values of o, n, p and np alone have 
been depicted. 

The performance of the four groups of treat- 
ments, averaged over both levels of organic 
manux’e and potash is shown in Figs. lA and IB, 
under Wi and W 2 separately. The salient features 
of these curves are summarized below* 

The curves for height swing into characteris- 
tic S-shape. They rise slowly at ffrst, followed by 
a rapid increase in elongation up till the 5th stage 
when a gradual deceleration sets in. The curves 
run together in the initial stages and widen with 
time. The ultimate trends are not discernible 
till the 4th stage is reached. Finally, they fall 
in the order fip^n^p'^o under either type of 
watermgs, but the differences are of a much higher 
order under heavy waterings. This indicates inter- 
action of watering with nitrogen. The general level 
of curves for is higher than that for Wi. The 
effect of nitrogen and phosphorus are additive 
under as well as 3 . Thus there is little evid- 
ence of interaction of N with P or of watering 
withHxP. 

The curves for node iiiunber rise rapidly to 
start; with, sharply deflecting at the 3 rd stage. 
The decelerated rate is, however, maintained over 
a long period. Curves tend to be parabolic in 
form with concaviby towards the axis of abscissa. 
There are little differences in number of nodes due 
to manures at any stage in wp There is an indica- 
tion of an appreciable increase under 3 . 

The internodal length reveals a steep rise up to 
the 4th stage after which extension growth slows 
down rather rapidly with time. Node production, 
on the other hand, is kept up to a fairly later 
stage. In fact, there is a tendency for a fall in 
the internodal length towards maturity. This is 
due to continued meristematio activity of plants, 
though at a much slower rate, in the later stages. 
The curves for height take a resultant course. 

The effect of nitrogen on the internodal length is 
specially mai’ked with a^nd starts quite early. 


The differences magnify with time. The effect 
of phosphorus (in the absence of nitrogen) is 
scarcely visible under. t%, and is of a much lower 
order, as compared with the effect of nitrogen, 
under as well. The influence on the elongation 
of iiiternodes is maximum in case of 7ipy with either 
type of watering. 

The data rearranged for 0 , p, and np in, the 
absence and in the presence of organic manure are 
plotted for the same characters_^ in Figs. 1 C and 
ID respectively. The effect ofp on height in 
absence of organic manure (Fig. Ic) is as marked 
as that of n while 7ip causes but little further 
improvement. In the presence of organic manure 
(Fig. ID) n continues to increase the height while 
p apparently depresses it. Furthermore, there 
is an indication of a continued increase due to 
np over that of n alone. In the presence of organic 
manure, therefore, any apparent increase due to 
phosphorus in the presence of nitrogen (np-n) 
is counterbalanced by a corresponding decrease due 
to i)hosphWus in the absence of nitrogen (p-o). 
On the other hand, there is a definite increase, as 
already mentioned, by phosphorus in the absence 
of organic manure. This brings out clearly the 
interaction MxF, but the differential behaviour 
of this interaction with nitrogen depicts NxMxP 
also. There is evidence of a real and marked 
effect due to phosphorus in the absence of both 
organic manure and nitrogen. 

The above effects are not shown so well on node- 
number but are again conspicuous on the inter- 
nodal length. This means that the treatment 
differences in height are mostly contributed by 
effects on the internodal length. 

Boll number, boll weight and yield. The records 
for yield characters, collected plot by plot during 
the picking season, were properly compiled and 
statistically analysed (Table I). The mean 
squares for the different components, with the 
ratios they bear to the error variance are stated 
for the significant or the suggestive effects only. 

The magnitude and the direction of effects 
are shown in the summary tables (II— V) showing 
all the main effects and their significant interac- 
tions, with appropriate standard errors. 

A study of Table II reveals that watering has 
improved the size of bolls but not their number. 
The magnitude of increase is also the greatest of 
all the factors, though it is also subject to larger 
errors. Limitation of the design, however, is 
responsible for the non-significance of the effects 
of water on yield. For the same reason, the 
average influence of organic manure is not demons- 
trable on any of the characters in this experi- 
ment. Nitrogen is the most potent factor in-as- 
muoh as improvement is twofold. The response 
is well pronounced on both the number and the 
size of bolls and collective effect appears on yield. 
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Table I 

Arialysu of mriame 


Experiment I 


■ Due to 

D. F. 

Boll number 

1 Boll weight 

1 Yield of kapas 

Mean square 

F 

Mean square 

F 

Mean square 

F 

Blocks ■ , 

. 

2 

144,968 


0 *0096 


24,701 *23 


W - 


1 

48,801 


1 *6744 

6*52^ 

13,585*04 


M . 


i 

60,741 


0*0478 


6,080 -17 


W X M . 


1 

38,960 


0-0171 


888*17 


Error (a) 

• 

0 

25,891 


0 -2669 


10,333 *0624 


Main plots 


iT 







N , 


1 

171,781 

13 -04** 

0 *3545 

10*97=^’*' 

207,762-05 

39 -53** 

P . , 


1 

10,576 


0*1088 

3*37 

20,358 *38 

3*87 

K . 


1 

47,408 

3*60 

0*0110 


51 *04 


N X P , : 


1 

2,969 


0 *0006 


2,420 *04 


N X K . 


1 

2,574 


0*0732 


77 *04 


P X K . 


1 

17,614 


0*0019 


1,457 *04 


■ W X N . 


1 

28,300 

2*15 

0*2516 

7-78** 

97,920 -38 

18-63** 

■ W X P . 


1 

7,093 


0 *0028 


975 *38 


W X K , 


1 

3,597 


0 *0649 


1,335*04 


M X N . 


1 

12,789 


0*1013 


1,472*67 


M X P . 


1 1 

54,506 

4*14* 

0*1088 

3*37 

35,882 *67 

6 -83* 

M X K . 


1 

571 


0 *2707 

8 -38** 

73 *50 


N X P X K . 


1 

2,235 


0 *0923 


376 *04 


W X NT X P . 


1 

29,975 


0 *0084 


5,859 *38 


W X N X K . 


1 

6,568 


0*0215 


1,962 *04 


W X P X K . 


I 

1,722 


0 *0095 


570 *38 


M-x N X P 


1 

1,307 


0 *3080 

9 *53** 

45,414 *00 

8 *64* 

M X N X K . 


1 

24,639 


0 *0447 


16,120*17 


M X P X K . 


1 

23,342 


0 *0564 


12,060*17 


W X M X N . 


1 

7,240 


0 *0210 


16,432*67 


W X M X P . 


1 

6,019 


0 ‘0259 


2,688*17 


W X M X K . 


1 

5,229 


0 *0504 


32 *67 


3rcl & 4th order interac- 

6 

7,972 


0 *0678 


3,165 *39 


tions 









Error (b) 


66 

13,167 -52 


0*032321 


5;255 *3303 


Between plots 


U'S* 








* Significant at 6 per cent level ** Significant at 1 per cent level 


Table II 


Main effects 


: 

Number of bolls per plant 

Weight of seed cotton per boil 
in gra. 

Yield of kapas in nid. per acre 

Actual 

Difference 

±. S. E. 

Actual 

Difference 

±S.E. 

Actual 

Difference 

j ± 8, E. 


Wi 



61*22 



2*091 



20*55 



Watering 





—3*19 

±2*32 


+0-186 

±0*073 


+0*89 

±0*778 


Wa 

* 


48*03 



2*277 


1 

21*44 




0 . 



47*85 



2*200 



20*70 



Organic manure 
m 


■ 

51*40 

-f3*55 

±2*32 

2*168 

—0*032 

±0-073 

21*30 

+0*60 

±0-778 


0 . 

. 


46*63 



2*141 



19*25 



Nitrogen 

n . 



52*61 

+5*98 

±1*66 

2*227 

+ 0*086 

±0*026 

22*74 

+3*49 

' ±0*555 


0 , 



48*88 



2*161 



20*45 



Phosphorus 

P . 



50*37 

+ 1*49 

±1*66 

2*207 

+ 0*046 

±0*026 

21*54 

+ 1*09 

±0*555 


0 , 



51*20 



2*176 



20*97 



Potash 

k. . 

* 


48*05 

—315 

±1*66 

2*192 

+0*016 

±0*026 

21*03 

+ 0*06 

±0*555 
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Next ill iBiportai'ice is phospoliras, with low siigges- ' eoiifiriiiS results obtaineci by Crowtlier [U37]. 
tive response, i.e. 1*09 nid. per acre as compared Except for a sttggesti¥e decline in boil iimiiberj 
with 3*49 for , iiitrogcm. It appears phosphorus there is lilt lecHtet rd potash application, 
has opc-jrated through increase in boll si 2 se. This 

Table III 

W atering xnitrogen intermtiom 


Boll .Qumber per pla-nfc 



Boll weight (gm.) 

i 


yield of Mpag (miL per sere) 


Wi 

Wt 


w. 

1 Wt i 



W| j 

Wa 

<0 . . 

^49-44 

43*83 

0 . 

2*084 ; 

2*198 

0 

. . . . 

20*00 1 

18*50 

ft . 

53-00 

52-24 

** 

n 

2*097 

i 

2*3SG 

1 I 

n 

. 

'21*00 

1 . ## 

Diff. ±2'S4 . 

+3-56 

+ 8*41 

^ Diff. 

±0*037 . . +9*013 \ 

1 +0-158 1 


±0*785 , , 

+j*tm 

: +S-S9 

W X K . . 

2-43 

: ±1*66^ 

W X 

N . . . 0*072 

1 ±0*026 

'W X 

X . , . , . 

** 

2*40 

\ ±0*556 


Interactions. The interrelation of watering 'and signihcance of the main effects of .nitrogen and 
nitrogen is shown in Table III. There is distinct water. Omission of any one of' the factors in this 
evidence that water enhances the utilization of experiment wmild have lowered the iiiagnitnde of 
nitrogen. The increase in boll w^eight due to the response to the other. 

nitrogen is highly significant under heavy irriga- The effect of phosphorus in the presence and 
tions while there is little effect with ordinary the absence of organic manure is shown in Table 
waterings. The effect on boll number also points IV. There is an appreciable increase in the 
to the same direction though the interaction value boll number by phosphorus in the absence of 
fails to attain significance. It thus appears at organic manure and a slight decrease in its pre- 
its best in yield. Only 1*09 md. per acre increase sence. This differential behaviour is responsible 
in yield by nitrogen, is recorded under ordinary for the significant interaction of P with AI. 
waterings and this is apparently caused by its Mention has already been made of the beneficial 
beneficial effect on bearing alone. The effective- effect of phosphorus on boll size. Oii^ further 
ness of nitrogen increases by simultaneous increase analysis of the data, it is seen that this impro ve- 
in water-supply and has expressed itself in raising ment Is peculiar to phosphorus in the absence of 
the yield by 5* 89 nid. per acre through its influence the organic manure. The nature of the inter- 
on both the boll number and the boll weight, action on boll number and boll weight is, therefore, 
This interaction has materially contributed to the similar. 

Tables IV & V 


Interaction effects of organic manure, phosphorus and nitrogen 


Table IV 

M X P interaction 

Table V 

M X N X F interaction 

Boll number per plant 


Boll number per plant 



0 

m 


0 

n 

: ' , m mn ■ 

0 . 

' ■ 45 *42 

62-34 

0 . . . 

42-69 

48 *25 

48 -41 66 -28 

P * * * 

60 *27 

60 *46 

P * * * 

48*76 

61*80 

1 4B - 79 " ' 64*14 

Biff. ± 2 *34 . 

■{■4 - 86 * 

— 1*88 

Biff. ± 3 *31 

-{- 6-16 

± 3 *66 

— 1 - 62 ] - 2-14 

Interaction value 

*~-3 *36* 

±1-66 

Interaction value 

0 *52 

±1-66 


Boll weight (gm.) 

Boll weight (gm.) 


■■ ■■ 0 / 

m 


■ 0 

n 

m ; 7nn 

0 ,, 

2*162 

2*168 

0 

2 *048 

2 *266 ' 

2*190 1 2*146 

P " * " ' 

2*247 

2-168 

p . . . 

■ ' ■ 2 - 219 '■ 

2*276 

2-106 1 2-230 

Biff. ± 0 *037 . 

+ 0 * 096 ^ 

... 

Biff. ±0*052 . 

+ 0 - 171 ** 

+ 0-019 

-^■ 0*084 \ + 0*084 

Interaction value 

—0 *047 

±0 -026 

Interaction value. 

0 -080** 

±0 *026 

, j, 

Yield of kapas {md, per acre) 

Yield of kapm {md, per acre) 


0 

m 


0 

n 

m mn 


,,19*42 

21*48 

0 . 

16-63 

22 *32 ■ 

20*51 22*45 

p , 

■'■■■■ 2T * 97 . 

21*11 

P * 

21-08 

22 *86 

. 18*89 23*34 

Biff. ±0-785 . 

+ 2 * 66 ** 

-^ 0*67 

Biff. ±1*11 

+ 4 - 55 ** 

+ 0-54 

— 1-62 + 0-89 

Interaction value 

1>46* 

±0*555 ,' 

Interaction value : 

1-63** 

, 

±0-555 
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The- interaction MxP is even more glaring in 
case of yield. The effect of pliosphoras is signi- 
ficant at 1 per cent level in the absence of organic 
manure, ^ there being no effect in its presence. 

The significance of MxNxP interaction neces- 
sitates the study of the effect of phosphorus under 
o, w, m, and mn, individually . These relations have 
been shown for the three characters in Table V. 
The effect of phosphorus on boll number is not 
significant under any of the four combinations of 
nitrogen and organic manure and MxNxP is 
insignificant. The effects on boll weight and yield 
are different. A significant increase due to 
phosphorus is conditioned by the absence of both 
organic manure and nitrogenous fertilizers. 

Stem dry matter. Essentially the same relations 
as for height and yield were found to hold in case 



OF AGRICULTURAL SCIENCE 
of stem dry matter. 

Experiment II (1938-S9) 

In view of the results obtained during 1937-38, 
it was next necessary to repeat the experiment 
under similar conditions of soil but .. under 
intensive system of cropping. A piece of four 
acres was selected in the same square, under the 
rotation wheat— Ion® — cotton. 

Description of the experiment 

This experiment was similar to the one already 
described with minor changes. Organic manur- 
ing was omitted as a treatment. Early and late 
applications c^f nitrogen were included as .separate, 
factors. Tlie treatments , were all combinations 
of: — 


(O ) X (o ) X (o) X (o) X (wO 

(ni) (ne) (p) (^2) 

m fN at 501b. per N at 50 lb. per at 100 lb. KgO at 200 lb. Water (norma! and 

§ < acre given on aor© pk‘ acre p©r acre y heavy) as in Expt, 

p 16-17 August — — - — . J I, 

Applied on 18-20 May before sowing 


Nitrogen, phosphoric acid and potash were 
supplied in the same forms as in the first experi- 
ment. 

The purpose of the experiment was to obtain 
equally precise information on all the important 
comparisons. It was also necessary to reduce 
the block size to increase precision by confounding. 


Therefore, an 8 X 8 quasi-Latin square was adopted 
to enable the elimination of two-way systematic 
soil variations. The lajmut plan of the experiment 
is set out in Pig. 2. 

There were 64 plots of 1/21*8 acre each (33 ft, 
X60| ft.), separated by interstrips, 7 ft. wide. 
Sowings were done from 22 to 26 May, 

2 


8x8 Quasi-Latin square 

2^ Factorial Desigfi on Cotton {Year 1938-39) 


(Plan and yields in chhataks) 


Eows 
' ^ 1 
m X 

w» 

127 

1 nekwi 

164 

nlphu}% 

ISO 

Phwx 

105 

nenlhwt 

278 

nenlpwx 

171 

nepwt 

110 

nlwx 

203 

O Pd 

^ X 
m \ 

2 

nlkwt 

257 

nenlpkwt 

256 

PWt 

148 

nkpwt 

271 

n&Wx 

205 

nephwt 

158 

nenlwt 

206 

kWt 

125 

1 ^ 

S 'X. 

S 

Pkwi 

162 

nepw* 

248 

nl Wi 

219 


150 

mnl pwx 

216 

nenl kwt 

214 

mhwi 

206 

nl phwt 

272 


4 

mul phwt 

335 

nl kwt 

272 

m'phjox 

222 

nenl w\ 

311 

kwx 

122 

PWa 

139 

nlpwt 

219 

newt 

290 

t ^ 

8 W 

5 

nePWi 

22,3 

phwi 

142 

nenlhwi 

299 

nekwt 

236 

nlp'kwx 

254 

nl Wt 

254 

Wx 

133 

nenl PWt 

30l 

Q' L 

s - 

aw 

Q. Pd 

'e 

nl pwt 

240 

nenlwt 

303 

hwt 

141 

nXTmx 

242 

nephwt 

258 

newx 

190 

j mnlpkwx 

■286 j 

pwi 

117 . 

7 

nekwa 

276 

w% 

131 

nenl pwt 

317 

nepi&i 

261 

nl Wa 

i 

234 

nl phWx 

156 

phwt 

166 

nenl kwx 

319 

X 

S 

mnl Wt 

276 

^Ipwi 

284 

mw% 

248 

nenlpJeWi 

319 

PWt 

173 

hwx 

123 1 

nlkwt 

258 

nephwi 

.■282, . 

Columns j 

1 


2 

1 

3 


4 


6 



i 



8 



X K X W, X F X W and ISTjjj x Xj, x P x K confounded completely among columns 


Collection of doM apart for dry weight and flowering data, and the 

There were 11 rows in each plot, out of which remaining five reserved for yield and observational 
two at the borders were rejected as non-experi- viz. height and nodes, boll number and 

mental. Of the nine inner rows, four were set boH weight. 
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Except yield results ivliieh were based on the tioas taken on sc^lected pfajifh r 
entire experimental, areas of each pJot(i5 ft. x48‘4 'ted in each plot. The iiei.iesse 
ft. = 1/80 acre), the other data relate to ohserva- ■given in Table 

Table YI 


its raridciioly distribii- 
.lessary parf-lr'iifars are 


Tvpe of observation 

Interval 

between 

two 

stages 

- 

Date of 
first 
obser- 
vation 

1 Date of 

1 final 

^ obser- 

. vation 

Size of 
: san'ip’le 

Remarks 

'Height and nodes , 

i 4 days 

27-28/6 

3110. 1/n 

^ 10 pkints 

Hacl'i s]:)aeed 3 ft, x lA ft. 

S’resli and dry weights of diffe- 
rent parts except roots 

14 days 

29/6-2/7 : 

10-22/10 

1 ■ a ,, 

b'irsfc two samples before 
thinning comprised 30, 
15 plants respectively. 

Flowei* counts 

Boll number and boll ’weight | 
before each picking j 

, Daily 

1/9 

30/10 

’ 0 „ i 

Set bolls counted finally 
on these plants 

Kapas samples ginned 


These records enabled the computation of a 
good deal of derived data, e.g. internodal length, 
growth rates, distribution of dry matter in parts, 
setting percentage, ginning out-turn, etc. 

Experimental results 

The entire data collected and derived were 
analyzed statistically. The ‘analysis of x^ariaiiees’ 


for the values at the final stage in case of most of 
the characters are presented in Tables YIl and 
VIII which form the basis for the .reduction of . 
data in the form of summary tables. Effects of 
N and water alone are discussed in the following 
pages. P and K and their interactions are 
inefloctive and will not receive attention. 


Table Yll 
Analyses of vafia/nees 
Experiment II 






Height 

1 Node nnniber 

1 Intcrnodal length 

: .Flower production . 


Bue to 


B. F. 

Mean 

square 

F 

! Mean 

1 square 

F 

! Mean 
i square 

1 F 

: Mean 

square 

I F 

Bows . 




mu 32 

* 

3-25 

1 

I 1-4146' 

1 -08 

i 

1 0-2391 

** 

! 5-39 

1 22358 

2-21 

Cohiinns 



7 

172-464 

1-809 

I 2-4375 

1-78 

0-0807 

! 1*82 

1 10437 

1*03 

Treatments 



25 

390-301 

** 

4-09 

1 8-8315 

♦♦ 

C-476 

0-0952 

! 2*15 

i ' 57223 

** 

5*66 

W 



1 

2149-481 

♦♦ 

1 22-55 

17-2225 

12-63 

0-7098 

i ♦# 

i 16-02 

7331 


■ 



1 

2012-644 

** 

21-11 

87-8900 

64*45 

0-1930 

■ 4-37 

376229 '■■ 

37-21 

% • 



. 1 ,, 

4403-981 

46*34 

87*4225 

™ . ** 
64-10 

0-9900 

** 

22*35 

74.5416 

’73-81,.,, 

P . 



1 

3-195 


0-9025 


0-0012 

... 

4675 

... 

K , X 



1 

41-441 


1-3225 


0-0060 


4.7 ■ 

#*« 

W X 



1 

S-925 


0-1406 


0-0072 


468 

..... 

W'X % 



1 

92-881 


0-0400 

... 

0-0506 

... 

,. 5421', 


■W X P . 



1 

11-475 

•j 

1 0-3600 , 

1 

^ .0-0150 

1 ■" 

5384 . 

... ' 

W X K 



'■' 1 

72-462 

1 



0-0452 

’ 

42.41 





1 

313-732 

3-29 : j 

' 12*7806 j 

** i 
0-37 1 

0-0541 


149479 : 

14-80 ' 

Ni,x P',/ ' ;■ 



1 ' 1 

14-726 


0-0056 

1 

Vm.,, 1 

0*0086 

... . i 

' ,. 1492 ; 

... 

Nj, X K : ; 



i 1 

1 72-4.62 


4-9506 

: ... . 1 

0*0016 

... 

17922 , 'j 


% X P ' 



1' 1 

57-191 


0-0100 


, 0-0281 

... 

' 3408. .'j. 


Njj X K 



1 

0-376 


1-0000 

'...'■ ■■ 

0-0030 


' 10328:' 'i 


P X K . 



} 

17-956 


0*4225 


■ 0-0196 

, ■... 

5987 ! 

... 

High order Interactions . 


30 

48-401 


0-6317 


: 0-0245 I 


9271 


Erroi . 

. 


24 

95-309 

... 1 

1-3637 


0*0443 j 

... 

10099 

j 
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Table VIII 


Analysis of variances 

Experiment H 





Setting per cent. 

Boll number 

Boil weight 

Yield of 

Due to 


D. F. 

Mean 

square 

F 

Mean 

square 

F 

Mean 

square 

F 

Mean 

square 

F 

Bows .... 


7 

61-80 

Hf* 

5-35 

313-24 


1-4267 

16-80 

4576-57 

** 

4*72 

Columns 


7 

12-05 

1-04 

184-12 


0-4292 

5-05 

3790-79 

3-91 

Treatments . 


25 

14-92 

1*29 

1489-01 

*>(( 

4-37 

0-4214 

** 

4-96 

6986-81 

7-21 

W ' . . . 


1 

12-60 


299-51 

58-41 

2-1481 

** 

25-30 

4692-25 

. 4-84 

.,^1^ 


1 

35-70 

S-09 

19896-87 

3-3512 

39-47 

90751-56 

93-71 

% ' • • • 


1 

90-25 

♦* 

7-81 

11871-46 

34-85 

2-0075 

23-65 

63504-00 

65-57 

'P 


1 

8-70 


400-81 


0-2156 


81-00 




1 

35-40 

3-06 

2-91 


0-0048 

... 

729-00 


W X 


1 

28-36 ^ 

2-45 

1-39 


0-0142 

... 

315-06 


W .X 


1 

1-44 


298-21 


0-5710 

6-72 

256-00 


W X P . . 


1 

6-25 


42-66 


0-0023 


240*25 


Wx K . ■ . 


1 

0-42 


674-38 


0-0099 


400-00 


. • • 


1 

55-88 

4-84 

566-74 


0-7799 

9-18 

8789-06 

9-07 

X P 


1 

15-02 


72-14 


0-0686 


333-06 


Nl,xK . . . 


1 

2-03 1 


167-86 


0-0326 


945*56 


% X P . . . 


1 

0-56 


981-65 


0-2019 


30-25 


JS'jg X X . • » 


1 

10-89 


0-01 

... 

0-1028 


961-00 


P X X . . . 


1 

18-32 


1001-33 


0-1565 


196-00 


High order Interactions . 


10 

5-616 


79-18 


0 -08682 > 


244-62 


Error .... 


24 

11-56 


340-61 


0-0849 


968-43 



Height, node number and infernodal length. 
The results of the effects of treatments on these 
characters are arranged in Table IX. Nitrogen 
applied either before sowing or before flowering 
has significant^ increased the height, node num- 
ber and the internodal length of the main axis. 


The magnitude of increase in the final height is 
higher with the early application of nitrogen as 
compared with the later. This is to be attributed 
to greater elongation of the internodes under the 
early application. Either of the applications are 
equally effective for node development. 


Table IX 

Treatment ejfects on height, node number and the internodal letigth 

(Mean height in cm. per plant) 

Nitrogen, early and late I Nitrogen and watering 



0 

ni 

Diff . 


0 

\ 

ni 

fle+ni 

[ Mean 




±3-45 







0 . ' 

100 *4 
121 -4 

116-0 

128^2 

±16^64 

Wi . . 

^2 * • 

97 -7 
103-1 

118-4 

129-5 

109-6 
122 -5 

122 -3 
134 -1 

110*7 
, 122 -3 

Diff . ±3-4fi 

~f- 2 I -0 

■+n-2 

—s *85/2 

Diff. . 

: 4 . 5.4 

. 1 ' 

V +16-1 

** 

+ 12-9 

* 

+ 11 *8 

j 

+ 11-6 


Interaction ±2 * 44 = 


±4 48 


±2-44 
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Table IX — wnid. 

Average number of nodes on the nmm axis 



0 

nj 

Diff. 


0 

■ ■ % 

; . ft 

' 

i We ±71-1 

.Mean 




±0 *413 




j 

j 

1 

o 

36 *9 

40*1 

±3*24 


36 -4 

39 -5 

i 

! 39*6 

i 41 -2 

39 -2 

He . , 

40 *i 

41 *6* 

±j? '48 


37 -4 

40-7 

40 -7 

42 ■(} 

40-2 

Diff . ±0-4.13 

±3*2 

sjssje 

±1*45 

—1 *79/2 

Diff. . 

±1-0 

V 

+ 1-2 

+1-1 

+ 0 -S 

J 

■sit* 

± 1 *0 

.Interaction ± 

[)*292=: - 

-0-895 


S. Ed. 


±0* 

V 

584 


±0 *292 


Mean internodallengtfi (cm,) 


0 

ni 

Diff. 


0 

% 

ni 

i 

Mean 




±0*074 





1 

1 


0 

n, 

2*71 

S*02 

2*89 

3-08 

±0*18 
±(? -06 


2-68 

2-75 

2 -87 
a -IS 

2*77 

3-01 

2- 97 i 

3- 19 i 

2*82 

3-03 

Diff. ±0*074 

±0*31 

±0*19 

-0-12/2 

Diff. , 

±0*07 

1 

±0 *31 

±0 *24 

±0 -22 

** 

±0 *21 

Interaction ±0*053= — 

-0 *06 


S. Ed. . 


±0 Toe 


±0 -053 


' A further increase in height has occurred when There is not the slightest indication of the inter- 
nitrogen applied before sowing is supplemented action of nitrogen with water in case of node 
by an equivalent amount of later dressing. There number. Nitrogen does not depend for node 
is, however, a clear evidence of falling off in the production on water which, in turn, is more im- 
effectiveness of the additional dose. The inter- portant for the enlargement phase of growhh, 
action NbXNx is on the verge of siplficance. Similar . results %vere ^obtained by Crowther 
This is in conformity with the law of diminishing [1934] with the difference that interaction effects 
utility. The interaction N^xNl is highly sign!- were more pronounced in his case. Tlmt can be 
ficant in case of node number but it is not so in attributed, at least in part, to the ineiusion of a 
the case of the internodal length. third level of light w^atering as a treatment in his 

Watering has an increasing effect in case of all experiment, 
the three characters at ail levels of nitrogen. Maximum dry weight per plant. A study of 
Therefore the mean, response to w^atering is statis- Table X reveals that nitrogen has significantly, 
ticaliy significant. The effect of 'watering is to be increased the dry weight (dead leaves excluded), 
attributed to an increase in the internodal length The increase is relatively greater with the early 
mainly, the effect on node number being much application than with the later. The early applica- 
smaller. tion has the advantage of time for making extra 

It is notew'-orthy that both nitrogen and water growth. The increase due to double dose 
stimulate elongation of the main axis, but the is maximmii though it is not proportionate to the 
magnitude of increase is higher under nitrogen amount ajjded, 

than under heavy watering. The effect of the The effect of heavy watering is also significant 
former is relatively better marked on node pro- but the effect is much smaller in magnitude as 
due tion than on the internodal length. The compared with that of nitrogen. The main 
converse is true of the effect of W'ater. Moreover, effect of w^ater derives its signifioance from the 
the effect of w'ater tends to vary with nitrogen, appreciable increases by double watering in the 
r In the absence of nitrogen the increase due to presence ofnitrogen, especMly theeaiiy applica- 
water does not attain significance anyw-iiere. In tions. The interaction (w^ater x nitrogen) is, 
the presence of nitrogen greater response to water therefore, better marked here than in the case of 
is evidenced in longer internodes and taller plants, height. 
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Table X 

Treatment effects on maximum dry weight in gm. per plant 


Nitrogen y early and late 

Nitrogen and water 


0 

ni 

Diff . 


0 

ne 

fh'l \n^-rni 

1 ■ 

Mean 










0 

fie 

312 -0 
446 -6 

412 -5 
465 -9 

■4s fl: 

+ 100 *5 
+ 1.9 


312*5 

+21*9 

415 *3 
4rs d) 

402 -6 . 433 -0 

422 -4 j 49S -9 

390 -8 
427 -7 

DiS. ±21 . 

sis -t 

±134-6 

+53*4 

: —81-2/2 

i 

1 Difl . . 


i * 

■ ±62-7 ‘ 

±19-8 1 65-9 

±36*9 

i 

Interaction ±14*8.— — 

40’^6 


S. Ed. . 


±29*6 ' 

±14*8 , 


Table XI 


Treatment, effects on the total nuntber of flowers produced per plant 


Nitrogen, early and late 

Nitrogen and water 


0 

ni 

Diff. 


0 

ne 

ni 

I ne~'rm 

Mean 




±5-92 







[ 

0 . . 

97*8 

139 *5 

sHiJs 

±41 *7 


, 

97-5 

147*5 

139-3 

155 *0 

‘ 134 *8 

ne 

149*8 

U9 *3 

+9 -5 


• 

98 -1 

152*1 

139 -6 

163 -6 

138 *3 " 

Diff. ±5*92 

I ±52*0 

■ ± 19 *8 

** 

—32 -2/a 

Diff. . 

• 

±0-6 

1 

+ 4*6 

±0-3 ‘ 

V 

±8-6 

- , , ,) 

+3-6 : 


, j .L j 

Interaction ± 4 -2 = — 16 T S. Ed. . . ±8 ‘37 ±4 *19 


Flower production. Nitrogen whether applied increase in flowering is caused when the early 

early or late has increased the aggregate number application is augmented by a late one but this 
^ 1 r-r mi XT x •••lx iiicrease is rather low. Watering alone or in 

of flowers (Table XI). The eiiect is similar to combination with nitrogen has not influenced 

that on dry weight and final height. Further flower production. 

Table XII 


Treatment effects on setting ^percentage 


Nitrogen, early and late 

■ 

Nitrogen and water 


o 

ni 

Diff. 

. 


0 

ne 

ni 

rie+m 

.Mean,;'';;: 

0 . . 

31 *7 

31-3 

±1-201 

—0-4 


30*7 

31*0 

31 -2 

36 *2 

32-3 

n, . 

32*2 

35*5 

5!C!|5 

±3-3 


32-7 

■ 33 *4 

f 314 

34 -9 


Diff. ±1 -201 

: ±0*5 

Jsffsje 

±4 *2 

±3-7/, 

1 

Diff. . 

±2-0 ^ 
\ 

■ , ±'2 *4 

' ±0'*3 

Y*""' 

~i *3 ] 

■ ■ ,,,J. 

±0*8 


Interaction iO ’849 =»« 1 *85’^ S. Ed. . . i 1*698 iO *849 
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Sfftivg 'pf^TcentfMje, SeTliiig pe^rceiitage is affect- 
{*d differently by nitrogen (Table XII)., , Neither 
the early a jjpli cation by itself encourages the' 
|}CTec‘ntage success of flo%¥ers into bolls nor does 
th-c late one alone. The reaction to the combined 
dose is strikingly fovoiirable. Thus the inter- 
action between the two .times of app'lieation is 
positive'^ and significant. It seems, then, that not 
initil the co:nceiitration of nitrogen within the 
plant is very high, is the setting percentage, 
affected . 

Boll number, boll weight mid yield, A study of 
Table XIII reveals that nitrogen whether applied 
early or late stimulates reproductive develop- 
ment. The latter appears to be more effective 
than the former. The double dressing has exact- 
ly doubled the out-turn as compared with the 
control, but its efficiency per unit of nitrogen 
supplied is lower. Every lb. of nitrogen gives a 
return of 13-28, 15*17 and 10-63 lb. of ka/pas 


applications, respectively', llic Mip(*rioriiy of the 
late application in yield is in a(*eorr| wifii preni'oiis 
■experience in the Punjab, hot the dilTereiice is 
not statistically significaiil . The iniiauetioii 
betweem the two times of appllifat ion is of the 
type recorded for the vegetative* cha-racters. 

■ Mention lias already fiecMi made of thc^ opera- 
tion of Nj,xXl iriteraetion in tJie other direction 
in case of setting percentyge. lliis counixTacts 
the negative significant interaction in ilov’cn: pro- 
duction with the result that iiiieractioii elieet is 
absent in boil number. On tiie otiicr hand, the 
improvement in boil siz<^ is semi to decline with 
.the addition of the supplcmeiitaiy dose, and thus 
negative Xji intcraclions rcsippears in yield. 

The mean Response to wat«x on yitl<l a-ppcai-rs 
to be just a rcfiection of its signilleant effect on 
boll weight, since boll n inn her is not Influenced 
by this factor. Improveineni in the tjualiiy of 
opening and yield due to water is relatively 


smaller in magnitude. 


ill case of the early, the late and the combined 

Table XIII 

Treatment effects on boll number, boll iveight and yield 


Nitrogen, early and late 

Water and nitrogen 


0 

ni 

Diff. 


0 1 % 

i 

ni 


Mean 


(Boll number square yard) 




±3-26 






0 

51 -87 72 ‘48 

+ 20-61 


51 *37 

66 -66 

72-97 

80 -61 

n, , , . ■; 

68 *46 83 *12 ] 

+ ii-6*6 


52*37 

70 *27 

71 ‘98 

^ 85 *63 

Diff. :t3*26 

*sfs :i{;4e 

+ 16-59 1 + 10-64 

i 

— 5 - 95/2 

Diff. . 

+ 1-00 

1 

+ 3*61 

-0-99 

v- ■ 

1 +5-02 


Interaction ±2 -307 — -—2 *97 


S. Ed, 


;4-61 


67*90 
70 m 
+2 *16 
,±2 -307 


Weight of kapas per boll 





±0 -052 







O' ■ 

1 *781 

2-120 

3ic^ 

+0 -339 

Wi 

1*632 

2 *020 

1*992 

2 *147 

1-948 

7lfi 

2 009 

2 -187 

+0 -118 


1 *931 

2 *117 

2 -249 

2 -227 

2 *131 

Diff. -JrO-052 

+0 -288 

+0 -007 

~o -221/4 

Diff . . 

+0 *299 

V 

-i-o -097 

** 

+0 -257 

+0 *080 

j 

■■■■ JftsfS' 

+0 *183 

Interaction +0 *036 == 

■~~0 *110 


S. Ed. . 

. ;. ■■■ . ±Cr*D73 

±0 -036 



1 

! ±1*031 







0 . 

12 *86 

22*11 

+ 9 -26 


12-08 

■ 20-54: 

20-90 

25 *01 

1,9 -,63 

. 

20 -96 

25 *82 

*« 

+ 4 -SO 

I W,2 ' ■ . . . ; 

13*63 

21-37 

23 -32 

26 *63 


Diff. ±1 *031 

+ 8-}0 

5}:* 

+ 3-71 

—4-39/4 

Diff. . 

+ 1*55 

+0-83 

+ 2*42 

-f 1 -02 

\ SH 

+ 1*61 

Interaction ±( 

3 *729 - 

:^s!« 

-~2*19 


S. Ed. . . ' 

”V- ~ ™ 

±i *459 

'±0*729 
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One point is note-worthy in connection with the 
interrelation of water and nitrogen on boll weight 
and yield. ' ' 

There is little evidence that heavy watering 
enhances the ntilization of nitrogen even when 
applied late (effect of water under o with nl). 
This result is at variance with the one emanating 
from the previous experiment. Experiment I was 
conducted on a piece of land that lay fallow for 
full one year, during which period it received lot 
of preparatory tillage. Fresh applications of the 
nitrogenous fertilizer only augmented the recupe- 
rated natural resources. Thus, nitrogen depended, 
for its full effect, on water which acted as a limit- 
ing factor. 

Table 


In the second experiment, the primary require- 
ment was nitrogen as the cotton crop followed 
toria and sarson {Brassica s|).) which left little 
time for preliminary cultivation. The level of 
fertility was, therefore, low, due to greater inten- 
sity of cropping and the response to nitrogen was 
high and there was no further increase in yield 
by extra watering. 

The percentage increases 
water over the basal treatments (control for nitro- 
gen treatments and normal waterings for water 
effect) are given in Table XI V [a) for boll number, 
boll w^eight and the resulting yield, individu- 
ally. 

XIV 


due to nitrogen and 


The relative contribution of boll weight and boll number to total increase in yield 



{a) Percentage increases over basal 
treatment 

(6) Percentage distribution of increase 
in kapas into components of yield 

' 


Nitrogen 

Water 


Nitrogen 

Water 


Nb 

Nl 

Ne+Nl 

W, 

Ne 

Nl 

Ne+Nl 

W, 

Boll number . 

32 -0 

39-7 

60*2 

3*2 

66*4 

67-6 

72 *5 

25-4 

Boll weight . 

16 -2 

19-0 

22-8 

9 ‘4 

33 '6 

32-4: 

27*5 

74*6 

Total 

1 

48 *2 

58*7 

83 *0 

12*6 

100 

100 

100 

100 


1 




These have been derived from the data present- 
ed in Table XIV and give a quantitative idea of 
the relative share of the two components in 
the total contribution to yield. It is seen that 
although nitrogen causes a substantial increase 
in boll size, it is relatively more important for 
bearing. Water mainly functions through im- 
provement in boll weight though nitrogen is 
far superior to it quantitatively, in this respect 
even. The specific functions of w^ater and nitro- 
gen are further illustrated in Table XIV (ft). 


The relative importance of single dose of nitrogen 
for bearing is double that for the quality of bolls, 
and it is Mill higher in the case of the double 
dose. As regards water, the position is reverse. 

Ginning percentage. Summarized results of the 
effect of nitrogen and water on the proportion of 
lint to kapas are presented in Table XV. Nitro- 
gen has significantly lowered the ginning per- 
centage. The improvement in boil size through 
N is not shared equally by seed and lint. Seed 
weight seems to derive benefit rather than the '^' 


Table XV 

Treatment effects on ginning percentage 



o 

ni 

1 

Diff. 


0 

% 

1 

1 

ni 

nQ+m \ 

Mean 




±0 •389 







0 

33*89 1 

31 -89 

** 

~~ 2*00 

w;i . . 

34*17 

31 *86 

31 •97 

31*06 

32*26 

n 

32 *09 

31-01 

* 

—1 *08 


33*62 

1 81 *91 

1 ,';' J2:*2I''' 

30 *96 

32*17 

Diff : diO *389 

** 

A— 1 *80 

—-0*88 

+ 0 * 92/2 

Diff: . 

—0 *55 

0-05 

0 *24 

-—0*10 

-—0*09 


Interaction ±0 '275 == +0 *46 


S;Ed. 


±0 *55 


±0 -275 


em 
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lint weigiit. The depressing effect of nitrogen on 
ginning outturn appears to be linear witliin the 
range of doses used. , Water does not influence 
ginning outturn either singl}" or in combination 
with nitrogen. 

Correlation studies 

The treatment effects on yield and the deyelop- 
mentai characters discussed in, the preceding 
pages suggested that , various characters were 
correlated. Correlation coefficients between d.iffer- 


ent pair- of ehar«n*ters, were,, lia^refore, irorked 
out for the whole data as well as tiif* diffia’taii 
components^ viz. rows, coliiiiiiis, treatments and 

error (Table X¥I). 

.The treatment yields are Idgiily cori*eIatr*d 
positively with vegetative growifi as nipasured by 
height and dry weight, and with meristeiiiatlc 
activity as given by flower or tioll formation. 
Similarly- treatment rJfeets on boli w'l'ight. are 
reflected in. yield. 


Table XVI 


Correlation coefficients and their tsignijimrme 



n 

Dry wt. 
and 

yield 

; Height 
and 
yield 

Boll wt. 
and 
yield 

Flo-wers 

and 

yield 

i 

1 Bolls 
and 
yield 

BoIiXo. 

and 

boll wt,. 

Ginning 
per ee.iit 
and 

boll wt. 

Rows , 

6 

0-8875 

** 

0‘964 

0*9463 

0*1248 

--0 -2747 

—0 -4323 

--0 -3266 

Columns 

6 

0 -8228 

0 -8987 

ik ^ 

0 *9555 

0*3716 

0-5481 

0 *6504 

0*1476 

t 


sjs ^ 

1 



HeH« 1 

Ht 1 

H«H! ■ 

Effective treatments 

6 

0-9130 

: 0-8926 

0-9014 

0*954 

0-9807 1 

0*8252 I 

—0 *8575 

t 

Ineffective treatments 

17 

0 -5784 

0*3815 

0-3974 

0 -4472 

jO-2628 

1 

—0-1146 1 

-0 *5036 ■ 

Error .... 

23 

0 -4871 

sf;* 

0 *8439 

He He 

0 *5905 

0*4535 

0 *4927 

0-1667 1 

0 *0492 

Total 

62 

0-8024 1 

i 

0 -8748 

HtH« 

0*8107 

^ 0*7211 

HsHt i 
0 -7330 

o 

00 

—0 *3423 


t Pertaining to nitrogen and water factors, i.e. 8 treatment combinations 
t Pertaining to phosphorus and potash and all their interaetions 


The correlations between yield and height, 
yield and dry weight, and yield and boll weight 
are also highly significant for the components, 
rows and columns. These characters are thus 
reliable criteria of the yield performance on light 
sandy soils if other conditions, such as variety, 
spacing and sowing date, are kept similar. But 
the case is different with the number of flowers 
or bolls. The rows and columns that are produc- 
tive in yield are different fi^om those that sti- 
mulate flower production or bolhiig. This is 
further confirmed by the fact that boll number and 
boil weight are unrelated so far as components, 
other than effective treatments, are concerned. 
Thus flower counts or boU number fairly accurate- 
ly forestall the yield performance of the treat- 
ments but do not serve as reliable guides in fore- 
casting yields from field to field. 

The influence of treatments on boll size is 
negatively correlated with the ginning percentage. 
Thus improvement in opening caused by a treat- 
ment leads to better development of seed. 


Very little value can he attached to the signifi- 
cance or otherwise of' tlie correlation coefficients 
corresponding to the en’or component, unless 
these are based on very high number of degrees 
of freedom, for the sources of variations In these 
eases are complex and uiicontrollabie and influence 
of causal factors cannot be furtlier resolved into 
components. -The sa,me remarks apply to treat- 
■ments. whose 'effects are .m,sig,nificant. 

Progeessive gkowth,.i>ata.,.' ' 

-The , progressive -data is illustrated by graphs 
{■Figs. '3,' 4 and 5) 'and dealt with briefly. The 
effect of X which alo,ne is the most potent factor, 
is depicted. 

Study of Fig. 3 reveals that nitrogen does not 
increase height appreciably up till 22 August 
but. after' this the differences magnify with the 
advance of time. Deceleration sets in from 5 
September, rather rapidly in control, and marks 
the onset of flowering. Height curve for the 
plate apKcatioii of nitrogen remains at a uniformly 
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low level, due to the iiioTusioii of some plants 
with, shorter internodes in such plots, until the 
addition of nitrogen on 16 August diverts its 
course. Even though a change in the coloui* 
of leaves was observed within 10 days of the 
late application, it took about three weeks for 
the plants so treated to get in level witli 
the controls. Thenceforth they gradually gained 
ascendenc;)' over the untreated ones. The supple- 
mentary dose begins to stimulate elongation not 
until five weeks after its addition. As elongation 
practically ceases after 3 October all over, a 
falling off in tlxe effectiveness of the supplementary 
dressing is natural. It may be further noted that 
the curve for the late application remains at a 
lower plane throughout and runs parallel to that 
for the early application. This also proves that 
even when nitrogen is applied before sowing time 
it expresses itself in growth Irom the flowering 
phase onwards when untreated plots begin to 
show symptoms of nitrogen starvation. 

The response to the single dressing is well 
marked on node development. The late applica- 
tion is able to catch up the early one. Lower 
response to the supplementary dressing is again 
evident. 

Essentialiy the same remarlcs, as for height, 
apply to the curves for the internodal length. 

Dry matter. The natural logarithms of the total 
dry weight (ioge W) for the nitrogen treatments are 
given in Table XVII to enable the detection of small 
differences in the early stages. It will be seen on 
plotting these values that the effect of nitrogen 
applied early appears on the plants sampled on 11 
August and of the late application on 8 September. 
The differences tend to be cumulative. 

Percentage increase in height and dry weight. 
The differences in height between the successive 
stages are expressed as percentages of the res- 
pective final heights for the treatments, o, ni, 
and n^-^ni [Fig. 4(a)]. The growth rates 
a imil arly derived from the dry- weight data are 
given in the same figure at the top. The dates 
of irrigation have been shown by arrows. 

The curves for height are bimodal in form. The 
second maximum about 29 August synchronizes 
with the commencement of flowering. It is 
also the time when the applications of nitrogen 
and water begin to show their effect on' growth. 
That is why this maximum is higher in the manmed 
as compared with the coiitroL After the second 
maximum is attained, the rate of increase aU over 
fails progressively, though the treated plants grow 
comparatively more vigorously than the untreated 
ones. In the case of the double application, the 
rate falls most slowly. The first maximum is the 
result of the combined effect of the first two 
irrigations given at short intervals on 5 and 17 
July. A study of Table XVIII furnishes evi- 
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deuce in support of this view. 'The .characteris- 
tic increase in .height during the iutervar between 
the seco.!!' , and the third turn for nieasiireme.nt is 
correlated 'with the elongation of the internodal 
le'ngth. only. Node .nuniber during the . . saiii.e 
interval shows no correspoi.Kli.ng increase. The. 
importance of 'water .for enlargement phase of 
g.rowtli is e'vide,nt. It must, however, be .noted 
t]i.a,-t once t.he niaxiniiim at . the fiftli interval is 
obtained, the internodes at the main axis do not. 
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Fig. 5. Effect of nitrogen on the relative distribution of dry matter in parts at different stages 
(Portions shaded witli vertical lines represent stems ; blank space— green leaves ; horizontal lines — shed leaves ; and sanares-foolls) 

Table XVII 


The effect of nitrogen on dry weight (loge W) 



30/6 

14/7 

28/7 

11/8 

25/8 

8/9 

22/9 

6/10 

20/10 

0 

m 

1*38 

3-00 

4*29 

5-17 

5 -59 

6*07 

6-28 

6^49 

6-57 

n , 


1‘40 

2-93 

4-26 

5-10 

5-53 

6-13 

6-44 

6-71 

6 ‘79 

ne . . 

• 

1 *50 

i 3-01 

4*36 

5-S4 

5-70 

6 *25 

6*50 

6 ‘76 

' 6 ‘86 

ne + ni 

- 

1*51 

3 -07 

4*28 

5-40 

5*70 

6-28 

6*55 

i 6*83 

6-93 


lengthen at a rapid rate due to pressure of fruiting 
and, therefore, elongation no longer shows periodi- 
city with the dates of watering. 

The curves for percentage increase in dry 
weight indicate that the maximum output of 
dry matter, during a unit time interval (a fort- 
night), that amounts to about 24 per cent of the 
total dry matter in all the treatments, centres 
round the 1 September. The diagram possesses 
a central tendency which synchronizes with the 

Table XYIII 


Percentage increases in node number and the iniernodallength 
(Untreated plants) 


I 

Il-I 

■ 

III-II 

ly-iii 

V-IV 

VI- V 

VII-VI 

1 

VIII-VII 

IX-VIII 

X-IX 

Node number . 

16-88 

,14-77 

xo-osj 

11 *03 

8*56 

. " 5 ‘88 

;'2 *82; 

", ;o-s4'. 

0-27 

Internodal length , 

10 ‘24 

19-10 

7-33 1 

9-51 

10*13 

4,-45; : 


... 



maximum elongation of the main axis and the 
onset of flowering. Another peak is exhibited by 
the dry weight curves irrespective of the treat- 
ments, about 29 September which marks the time 
of maximum flowering. This later maximum 
which is more pronounced in the treated as com- 
pared with the untreated plants, is to be attributed 
to rapid increase in dry matter when the boils 
develop. Finally, the rate falls to equally low 
values in all the series. 



Vij r.\Ki JAL I'AJhUKKS UK THE PUNJAB-AMERICAN COTTON'S IN TllI 

There i.s a distinct evidence of prolonged growth the entire liowe-riiiL' pe 
aotivitj’- due to nitrogen. During flowering, the eifeet of nitrogen on il 
plant grows more vigorously in the presence of well pronounecfl and vri 
nitrogen than in its a b-sence. that this efted isdist 



Relative leaf growth rate, efficiency index and net 

msimilation rate 

These rates were determined by the following 
formulae giv€ui by Gregoiy [1926]. 

Relative leaf 
growth rate . Loge Lg — -Logo 
Efficiency index Loge Wg — Log^. Wi ' 

Net assimilation (Wg— Wi) X (Loge Lg— LogeLd 

rate 1 

Ls—I-n 

Where and are dry weights of green 
leaves at the consecutive stages of sampling. 

and W 2 denote total dry weights comprised of 
stems, green and shed leaves, and flower-buds 
and bolls, at the two stages. 

These different rates calculated as above are 
plotted in Fig. 5 (b) for the nitrogen effects. 

Relative leaf growth rate in the absence of 
manuring gives a Mling curve, throughout. 
The rate is maximum to start with, i.e. six weeks 
after sowing, and drops to zero about lo Sep- 
tember. Early applications of nitrogen appear to 
have accelerated the rate of leaf growth about the 
first week of August. The effect of ail types 
of nitrogen treatments, however, is clearly, 
visible during flowering. The rate for the treated 
series does not attain negative values, except in 
the last sample and this, again, is a proof of pro- 
longed vegetative activity with nitrogen appHca- 
tions.^ Negative values are obtained in the 
control about one month earlier. 

There is a close similarity between curves for 
leaf growth rates, efficiency index and net assimi- 


flowering period in the (*ase of the lute appIii'U- 
tion. The (ffect of late apfilieatioii begins with the 
eonimen cement of iimvering, reaches the iiiaxiimim 
during the interval of maximum flower prodiieiion, 
and persists till the eompletf* iH^ssation of llowerifiir. 
The effect of early appliea.tio!i starts somewliat 
later. The hulk of the iner{*as(" i.s (‘oiihned lo tlu'! 
period of maximum ilmvei'ing and the effeet con- 
tinues to the end. peak is also rea(tlied eight 

days later in the ease of early and early plii.s iatt‘ 
applications as eompao'd with control. Thus 
earty a])p]i(‘ation.s have delayed flowering in con- 
trast to the date. 

The effects o,f nitrogen in flowering are further 
illustrated in Fig. 4 (cj (bottom). The deviations 
in the fl,owers produced under , 0 , and 

ni. from the respective stage means of all 
treatments, have been plotted for each of the 
lo stages. To start witli, there are no differences 
among treatments except that the late application 
separates out, suggesting precocity. Other curves 
diverge with time, attain maximum differences 
after a month, and agahi converge to main point. 
Up to 24 Se^ptember, higher rate of . flowering is 
maintained in plots receiving late application. 
Thereafter, the piot.s treated be,fore ^ sowing gain 
superiority. The values .for control remain below 
the main .line, throughout. Though ■ flow'ering 
extends over two months, more than 50 pet' ceni 
of -the flowers are produced during the 12-day 
period, from 20 September to .2 October..' Th<| 
effect of nitrogen a.iso .is proportionately greater 
du.ring t.his interval I 


lation rate. The points of inflections correspond 
very closely and the infiiience of treatments is also 
similar. One point of difference must, however, 
be mentioned. The relative rate of increase in tlie 
total dry matter falls less rapidly since the plant 
goes on gaining in dry weight at the reproduetive 
stage. Whereas negligible amounts of fresh leaves 
are produced after the first week of September, and 
even negative values for leaf groudh rates have 
been obtained on account of rapid senescence 
and translocation of substances from the leaves to 
the developing bolls, still the attached leaves are 
synthesizing actively at this stage at about 1/3 
the maximum rate as can be seen from the N.A.R. 

The two maxima during the later stages of 
growth, exhibited prominently by N.A.R., cor- 
respond with the peaks in the percentage growth 
rate. Equally important is their coincidence with 
the commencement and the flush of flowering. 

The rate of flower jwoductio^i. The 4-day totals 
of flowers produced per square yard are shown for 


RBLATIVE' PiSTErBO'TION OF. THE TOTAL' DEt 
MATTER IN PARTS 

The effect of nitrogen on the percentage dis- 
tribution of dry matter in parts at the dilfereiit 
stages are illustrated by histograms jFIg. 5). 
There is no effect of early ap])lieation of N at any 
stage so far as the ratio of stems is concerned. 
The relative distribution of other parts is, how- 
ever, affected. The proportions of dry matter oi 
.'the green leaves and the boll material are relative- 
ly higher in the last two stages under early appli- 
cation as compared with that of the control 
The converse is true of the old leaves, n^ plants 
are still more efficient in tlie production of flower- 
buds and bolls and the extra increase over tin 
.earty application proceeds at the expense 02 
stem proportion. Iffiis effect is outstanding ii 
all the stages after the late application is given 
A more rapid fall of the senesceut leaves ensues ii 
the coiitrol after 22 September, so that percentage 
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of greei'i fuiietionirsg l(‘ave.s remaining on the ■ plants, on light sajidj soiis in the I\mjab. Meri- 
plant is the least in tiu^ absence of nitrogen. steiiiatic activitA, extension growth, flower pro- 

A study (hhhe progressive changes in the relative dnction, boiling, the opening of bolls and the 
distribution of dry inatter in parts from stage to yield, are all greatlj' di^pressed at low levels 
stage revi'als intei'esting h^atiires. More than of this essentiai element. At the trniting stage, 
80 per cent of the total plant weight consists of deficiency of i.iiti*ogen results iii the develop- 
t'hc assimilating matter wiieii the plants are seven nient of tirah sym])toms. ddie h'aves turn 
weeks old. As the plants ad van(*e in age the leaf prematurely yellow as their nitrogen conceiitra- 
weights go on falling in proportion to the non- tioii falls below a critical level (2*5 per cent 
a-ssiiui fating inatcrial (stem, bolls, senescent leaves), of the leaf dry-niatter), and are ultimately shed. 
In other words, with the advance of season Cfrowth slackens and practically ceases by the 
iiicrt'asingly liirger pi’(.> portions of the synthetic middle of Sej)teniber, New points are not la.id 
products of the leaf arc* utilized for the formation rapidly and the developing syinpodia ai'c not 
of stems and hi’aiu^iies and less and less material adequately spaced. Lastly the bolls dev'oiop 
is spared for leaf grovdin d.liis explains the fall- imperfectly and contain inimatiire seed, 
ing leaf I’ates. An. inereasing amount is con- None of tliese syr.iiptoms appear if nitrogen 
tinually being incorpoiutd in the structural frame is supplied in time. Even visual observations 
work which in turn does not manufacture food reveal proniinently the differences between 
and resembles idle capital. Therefore, not only nitrogen-fed and control plants. The leaves in 
the leaf growth rate but also the relative rate of the former case remain fresh and dark green during 
increase in dry matter decreases. The fall is, thefruiting periodminarkedoontrasttothe un- 
however, less rapid because, as explained by Heath treated ones. The concentration of nitrogen in 
[1937], the non-assimilating material produced by the leaves does not fall as rapidly as in the control 
leaves is included in the total dry matter but not and this forecasts the final performance of the 
ill the leaf. plant. The correlated influence of nitrogen 

Biscijssiojr applications on the internal N- concentration in 

Nitrogen is the most potent factor that affects leaves and the growth, under abundant supply 
the growth and yield of the American cotton of water, are given in Table XIX. 

Table XIX 


Eelation of percentage nitrogen content of leaves to growth 



1 Per cent X in leaves 

j Height (cm.) 

j Total dry weight (gxn.) 

Dry weight (gm of greeii 
leaves.) 

Treatment 

j 25 

j 22 

20 

22 

19 

17 

25 

22 

20 

25 

'22 

20 


j Aug, 

Sept. 

Oct. 

Aug. 

sept. 

Oct. 

Aug. 

Sept. 

Oct. 

Aug. 

Sept. 

Oct. 

o , 

2*55 

1-76 

1*36 

70*2 

99*5 

103*1 

276 

540 

717 

160 

204 

154 

. . . . 

3*16 

2- 71 

1-99 

76*5 

117*2 

129*3 

313 

718 

1,029 

180 

27i„ 

■ 258, 

. . . . . 

2-70 

■ 2-57 

I 

68*2 

109*8 

122*2 

253 1 

628 

912 

147 

239 

■ .236' 

H .... 

3*11 

3*11 

1 

2*49 J 

75*1 

117*9 

133*8 

323 1 

738 

1,108 

184 

272 

290 


Nitrogen application proportionately reduces It must, however, be stated that nitrogen does 
senescence in leaves and prolongs leaf activity not materially modify the inherent growth oharac- 
during fruiting. The plant grows as it reproduces, teristics of the plant. The nature and trends 
the interiiodes lengthen, bearing points increase, of the growth rates are much less affected. The 
and bolls, which are better spaced and maxima in the treated and the untimted series 
better fed, attain perfect development. Nitro- are reached at the same time whether growth 
gen stimulates co-ordinated growdh in all aspects is expressed as percentage increase or as relative 
and is, therefore, mainly responsible for the signi- rates of increase in total dry matter or leaf weights 
ficance of coefficients of correlations between alone. The main difference is that the growth rate 
development and yield, against treatments. As falls off steeply after i September or so in the 
leaf growth rate and net assimilation rate are control, while it declines gradually during the 
kept up at a higher level during vital part of reproductive phase in the tieated skies, 
plant’s life supply of carbohydrates does not ' Prolonged growth does not imply delay in the 
run short under nitrogenous manuring. commencement of flowering and defkred maturity. 
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F-iow('r[ng sets in a,-s quickly in the niamired as 
in the 'umnaiiiired plots. 'There is, in fact, an..- 
early tc'iidency for sMglitly higher rate of flower 
prodiicf ion, if the application is made just before 
iiowering. The time of.niax'iimim flo'weriiig is 
only slightly delayed by nitrogen. This is followed 
by 'a rapid decline in flower ];)roduetion. The bulk 
of the increase through nitrogen is confined to the 
zone of inaxinium flowering. The later period 
also contributes to the increase in the flowers 
■|:)roduced by the early applications. The crop 
in the treated plots does not arrive late. In- 
creasing trends in yield appear in the first picking 
and are established by the middle of Beeember. 

There are other c|_ualitative differences between 
the two times of application also. Although 
the early application is better fitted to promote 
vegetative growdli it also influences yield of 
hapas proportionately. Therefore the efficiency 
for production of seed cotton per unit dry weight 
is only slightly affected. The late application 
definitely raises the efficiency of the plant for 
the gain in boll material is proportionately greater 
than the gain in the vegetative organs. ^ However, 
the two times of application do not significantly 
differ from each other in actual 37ield. 

In practice, therefore, it is immaterial when 
the application is made provided nitrogen is 
deficient and it is not given too late. The last 
date beyond which use of nitrogenous manures 
would be unremunerative is a matter to be decided 
by further experiments. It can, however be 
tentatively put forward on the basis of growth 
data that nitrogen must become available to 
the plant by the time it passes through the 
phase of maximum growth activity, i.e. before 
1 September. 

Water also influences the development of tiie 
cotton plant but the response is much smaller 
in magnitude. Water mainly operates through 
increase in the extension phase but not the meri- 
stematic activity. The increase in yield under 
heavy watering is wholly contributed by 
increase in boll size. The inter-relation of water 
and nitrogen is important but its significance 
depends upon the nitrogen status of the soil. If 
the basic soil supplies are low or have been ex- 
hausted through intensive system of croppmg 
water is not likely to he limiting and nitrogen 
alone will control growth and yields. Thus 
response to nitrogen would be^ spectacular 
and to water only small and additive. On the 
other hand, when the soil has been allowed 
to recuperate under the influence of natural 
ao-encies, water would begin to exercise its limit- 
ing effect. Under these conditions, unless the 
duty of water is simultaneously raised, augmented 
dressings of artificial fertilizers are likely to give 

but meagre responses. It would thus be worth 


while to raise water siipplv’ tor tiicreasing the 

effectiveness of iiiti'ogeu. 

Potash alone or in cfiinbinatloii has not affected 
plant deve'iopment io Jiiiy year. I'»]vidence con- 
cei*ning the effectiveness of siipfa‘})lK:Ksphat 0 is 
mcoiiclusive. In one of tlie experioients the 
effect has been iiegligibIcN and ihi tke otim 
appreciable in the absence of both nitrogen and 
organic manure. In the presence of nitrogen, 
superphosphate was ineffective in both the years. 
Thus neither potash nor superphosphate acted 
as limiting fii( 3 tors. It follows, therefore, that 
potassic and phospalitic reserves ai’e orily slowly 
being depleted and the limit to their exhaus- 
tion has not been rea<'hed under noritiiil agri- 
cultural co'uditions. 


Summary 


The investigation describes the I’esiilts of two 
field experiments of the multipiietactor type 
with 4P Punjab-American co'tton, on light sandy 
soils at the Lyalipur Agricuitural Farm. In 
the first experiment, the main effects and Inter- 
actions of nitrogen, phosphor us, potassium, organic 
manure and water supply were studied^. In ^ the 
second experiment, two times of application of ni- 
trogen were included as distinct factors and organic 
manure was omitted. The ' remaining factors 
were the same as in Experiment I. 

The cotton in the first experiment followed 
a one-year fallow. fi-''h(i: later experiment was 
conducted under intensive system of cropping. 

The investigation has brought ■ out ^ facts ^ of 
■ physiological interest and practical value. The 
main fi.iidings ■ have been summarized bedow, 

(1) Nitrogen is the most potent yfiictor, that 

stimulates vegetative and reproductive develop- 
ment on light sandy soils. It l>rings about 
co-ordinated developiiient of the plant in ail 
directions and the effects are both quantitative and 
qualitative. Nodes, flowers, boils, ^ internodai 
length, dry weight, boll weight and yield are all 
affected favourably by its^use. Nitrogen is, there- 
fore, not only important for meristematic activity 
but ' also for extension growth and proper matiiia-. 
tion of seed and lint. ^ 

(2) Nitrogen prolongs the functional actixity 
of the plant and delays senescence. The net as- 
similation rate, leaf growth rate mid efficiency 
index remain at higher levels during flowering 
in the N-treated plants as compared with 
the controls. Nevertheless, nitrogen does not 
materially modify the inherent growth charac- 
teristics, as the general trends with^ peaks ami 
depressions are not shifted by its a.ppiieatioii. 

(3) Nitrogen applied early or late does not delay 
the onset of flowering. The peak point is only 
slightly shifted. The major portion of the increase 
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in flowers due to nitrogen is recorded in the 
period of inaxinium flowering. . 

(4) The August application of nitrogen is 
definitely more efficient in the production of 
cotton per unit dry matter as compared with 
the one made before sowing. There is, however, 
only a small and insignificant difference in the 
actual yields in favour of the late application. 

Single dressing , of 50 lb. N per acre, made 
early or late, is more effective per unit of nitrogen 
.than the combined dose of iOO lb. per acre. 

(5) Heavy watering significantly increases the 
iiiternodal length, boll size, and yield but the 
responses are small in magnitude. Increased 
water has practically no influence on the meris- 
tematic activity. 

(6) There is a strong interaction between nitro- 
gen and water on soils allowed to recuperate, by 
fallowing and cultivation prior to cropping. Under 
these conditions, nitrogen added depends on extra 
water supply for its full effect. If cotton follows 
an exhaustive crop such as toria, nitrogen gives 
larger responses even under normal water supply 
and effect of increased water duty is merely 
additive. 

(7) Potassium, singly or in combination, has 
not shown any effect on any of the observations 
recorded, 

(8) Phosphorus has shown beneficial effect in 
the absence of organic manure and nitrogen, only 
in the first experiment. 

(9) Phosphorus or potassium neither interact 
with each other, nor do they enhance the utility 
of nitrogen. Thus they can neither replace nor 
augment nitrogen under field conditions. 

(10) There are high correlations between yield 
and other characters, i.e. iieight, dry matter, 
flowers, bolls, and boll weight. Treatment yields 
are closely associated with the growth behaviour 
and the reproductive development. Develop- 
mental records, therefore, are fairly accurate guides 
to the ultimate performance of treatments in 
yield under similar cultural conditions. 
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STUDIES m INDIAN CEREAL SMUTS 


VI. THE SMUTS ON (EGHINOOHLOA FBUMENTAGEA) 

By B. B. Mundkoe, Imperial Agricultural. Rosearcli Institute, New Uellii 
(Received for publication on 4 February 1943) 


Saw AN (sama, banti, sawank or kuthiraivaUi) 
is a less important cereal cultivated on a small 
scale in several parts of India. The grain is 
usually oaten by the pooi'er clas.ses of people, 
either parched or boiled in milk with sugar, and 
in ea.stern India it is mixed with rice in the 
manufacture of rice beer. The crop also yields a 
valuable forage and it was exploited some years 
ago in the United States of America as a ‘ billion 
dollar grass 

The plant was first named Panicum frumenta- 
ceum by Roxburgh in 1820 but seven years later, 
in 1827, Link transferred it to the genus Echino- 
chloa. In Hooker [1897] it is referred to as Pani- 
cum Crus-galli var. frumentacea Trim, and Hitch- 
cock [1935] calls it EcMnocUoa Crus-galli 
var. frumcniac&ct (Roxb.) Wight. In 1928 Blatter 
and McCann named it EcUnochloa colona var. 
frumentacea and six years later Fischer [1934] 
independently proposed the same name for it, 
without presumably knowing that Blatter and 
McCann [1928] had abeady done so. Sampson 
[1936] prefers the binomial EcUnochloa frumen- 
iacea (Roxb.) Link which is accepted at Kew. 

The crop is free from fungous diseases of major 
importance excepting for two quite distinct smuts 
which may cause damage. The first of these is 
Ustilago Panici-frumentacei Brefeld and the .second 
Ustilago paradoxa Sydow and Butler. A third 
smut which attacks it is reported in this paper. 

Ustilago Panici-frumentacei was collected by 
Major A. Barclay in October 1890 in the vicinity 
of Simla and sent to Brefeld for deterramation. 
Brefeld [1895], after consulting Lindau and Hen- 
nings, came to the conclusion that the smut was 
a new species to which he gave the above name. 
A portion of the t 3 rpe specimen was kindly sent 
to me by Dr E. Ulbrich, Kustos, Berlin Botanical 
Museum, in 1939 for examination. 

Brefeld [1896] states that in a smutted ear not 
all the grains are attacked. Tno attacked ones 
are double the size of the healthy grains and they 
are filled with pulverulent spore masses, the 
individual spores being shuerical, brownish and 
7.9h in diameter. , n 

A second collection of this smut was made by u. 
A. Barber at Nambur, Gmitur District in 1902 and 
was identified by Sydow and Butler [1906]. Ihis 
specimen which is in the Herbarium Cryptogamae 


Iwliae Orienialis agrees very well with the t.ypo. 
Two more collections have since tlien been made 
in the Madras presidency, ono at Razole, Godavary 
district and the othm' al' Nangiuieri, Timiev'elly 
district and both of them are in the Herbariuni of 
the Government Mycologi.st, Coimbatore. Portions 
of these collections that are available to me for 
examination consist of immature soil and do not 
show the spore structure clr-ail.v. 

The second smut attacking this crop, Ustilago 
paradoxa, is likewise ovaricolous. It also attacks 
only a few grains in an ear but its spores are larger 
and have a perfectly smooth surface. While the 
spores of U. Panici-frumentacei germinate by the 
formation of a septate proraycelium and lateral 
and terminal sporidia, those of this smut give out 
a long, branched and septate hypha without form- 
ino- a true promycelium or sporidia. This smut 
has been recorded from Pusa in Bihar, from &ind 
and also the Bombay province. 

In 1907 Butler collected jmt another smut at 
Pusa on thi.s same host which he identified as V. 
Pamci-frumentacei and which he [1918] has 
described and illustrated. A comparison of this 
smut with the type at once indicated that an error 
had been made in its determination. ^ 

The smut causes considerable deformity of the 
host, turning it into a twisted mass of shoots "with 
aborted ears. Sori occur not only in the inflore- 
scence but on the nodes, on the young shoots and 
at the axils of the older leaves. The sporo.s^ are 
spherical witli thick blunt eohinulations. While 
Brefeld’s fungus is restricted to the ovaries, only 
a few of which are attacked, this smut aborts and 
completely destroys the entire inflorescence. If 
sori had formed on the stems, leaf axils, etc. 
there is little doubt that Brefeld would have men- 
tioned that fact. The spore surface of Brefeld’s 
smut is stated by him to bo rough ; 1 find that it is 
minutoly echinulato ; it is by no moans colored 
with tMck sharp spines b The Fnsa collection is 
undoubtedly not U, Fmiicufriimentacei. 

. ■■ Tracy ''and Earle [1895] described a- snint on 
EcUnochloa Crm-galU wbich forms large, irregular 
swellings on the nodes and in tlie infiorescence 
which IS entirely destroyed. The sori are pro- 
tected by a tough hispid memliraiie wliich is derivcKi 
from the host plant and which ultimately ruptures 
disclosing the black spore i,aasses, Xracy and 
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Earle [ 1895 ] iia»ie(l it Ustilago Grus-gaUi and, 
independently, 'Alagmiw [1896] first named it 
Cinbrictia ^%ij}nounana but later [1896] corrected 
tke name to Gmfraetm Crm-galli (Tracy and 
Earles) Al'agriiis. The spores of the fungus are. 
liluntly c^cliiiiiilate to verrucose. Two specimens 
distributed by Sydow (Ustilagineen Nos, 125 and 
179) are aTailable for examination. The smut 
found by Butler in 1907 at Pusa on Echinoohloa 
. fmrnmtacm identified as U, Panici-frumen- 
Uicei is undoubted^ this smut. Neither Tracy 
and Earle [1895] nor Magnus [1896] speak of aiw, 
distortion of the host in describing it, which 
symptom is prominently featured in the Indian 
eoilection. But in the morphological characters 
of the spores, there is little doubt that the two 
smuts are identical and that the Indian smut is 
Ustilago Orus-galU, Since Magnus [1896] placed 
this smut in the genus Cintractia and McAlpine 
[1910] agreed with that view, the concepts about 
this genus have considerably changed. Only 
those smuts whose spores form an agglutinated, 
sometimes even an amorphous, mass that is diffi- 
cult to separate, are at present placed in that genus. 
Cifferi even tries to restrict it to the smuts occurring 
on Cyperaceae with which view I am not inclined 
to agree. In any case, the spores of the smut 
under study are powdery and I think that there is 
no necessity to change the genus into which Tracy 
and Earle [1890] had originally placed it. 

Formal descriptions of the three smuts follow : 

1. Ustilago Pakioi-Frumeotacei 
Brefeld, Unters. Gesammt. Mykol. 1895, 12 : 103. 

Syn. Ustilago tnchophom var. pacifica LavrofF, 
Trav. Inst. sci. Biol. Univ. Tomsk, ii, 1936. 

Gvaricolous, not all ovaries in an ear attacked; 
ovaries swollen to twice or three times their normal 
size ; sori covered by the seed coat which other- 
wise smooth and shiny, is rendered hairy ; opening 
by means of a pore at ajjex. Spore masses pul- 
verulent, deep black brown. Spores spherical, 
subspherical, a few ellipsoidal, ' Buckthorn brown ’ 
(Eidgway), 5*9-9*7jji in diameter, with a mean of 
8*3|jf ; epispore thick, minutely echinulate ; germi- 
nating by means of septate promycelium producing 
both lateral and terminal sporidia. 

On Echinochloa f^unientacea, Simla, October 
1890, leg. A. Barclay {Type) ; Nambur, Guntur 
Dt. 9-10-1902, leg. C. A. Barber, ATu. ; 
Razole, Godavery Dt, 28-8-1910 ; Nanganeri, 
TinneveUy Dt. 12-1-1912. 

Leach [1932] reports the occurrence of this smut 
in Nyasaland.^ Lavroff [1936] has made it a S 3 mo- 
xiym of Ustilago trichophora (Link) Kze var. 
pacifica Lavroff but neither his original paper nor 
his specimen is available and it is not possible to 
confirm his conclusion. Ustilago trichophora was 
described on Echinochloa colonum (L.) Link, 
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(==^Panicuni colonum L.) and it slightly resembles 
U. PanicifirimMfhtmei but the spores of the former 
are larger, -viz. 7;4-llv2p, with a mean of 9 *4p. 
Even if it is a variety of U. trichophora then its 
name will have to be U. trichophora var. Panici- 
fru'meniacei (Brefeld) comb, nov. rather than the 
one proposed by Lavroff [1936] much later, 

2. Ustilago Paeradoxa Sydow and Butler, in 
Sydow, Ann. my col. Berl. 1911, 9 : 144. 

Ovarieolous, not all the ovaries in an ear attack- 
ed ; sori not greatly exceeding the size of the normal 
grains, covered by a tough, slightly hairy, grey 
membrane, exposing a black, pulverulent spore 
mass on being niptiired. Spores almost spherical, 
oval, ‘ Tawny olive ^ (Eidgw^ay), with granular 
contents, 7 • 8- 1 1 • 2p in diameter with a mean of 
9-7p ; epispore entirely smooth, thin ; germinating 
by the protrusion of a long, branched hypha with- 
out forming true promyceliiim or sporidia. 

On Echinochloa frmnentaceciy Pusa, 2-9-1907, 
leg. E. J. Butler, No. 890 [Type] ; Mirpurkhas 
(Sind), 8-10-1919, leg. G. S. Kulkarni ; Bombay 
province, 18-9-1920. leg. M. N. Kamat. 

Kulkarni [1922] has shown that this smut is 
externally see d borne and that it is rather common 
in Sind. Leach [1932] states that it occurs in 
Nyasaland. 

3. Ustilago Cetts-galli Tracy and Earle, Bull. 
Tony bot. Cl. 1895, 22 : 175. 

Syn. Cintractia Seymouriana Magnus, Be r. 
dtsch. bot. Gas. 1896, 14 : 217. 

Cintractia Crus-galli Magnus, Ber. dtsch. bot, 
Ges. 1896, 14 : 392. 

Ustilago Fanici-frumentacei sensu Butler {nec 
Brefeld), Fu ngi and disease in plants, 1918, p, 239. 

Sori entirely destroying the inflorescence, also 
on stems especially at nodes, on young shoots and 
in axils of older leaves; shoot infection causing 
considerable deformity resulting in a twisted mass 
of leafy shoots, with sometimes aborted ears ; 
sori large, those on stem up to half an inch in dia- 
meter, swollen, co vered with a hispid, grey mem- 
brane made up of host tissue on rupturing which a 
pulverulent, black spore mass is exposed. Spores 
spherical to slightly ellipsoidal, Mikado brown ’ 
(Eidgway), 8 *9-11- in diameter with a mean of 
10 * 6[ji ; epispore thick, covered with blunt, dense 
echinulations, even verrueulose ; germinating by 
formation of a typical, septate promycelium with 
lateral and terminal sporidia.. 

On Echinochloa frumentacea, Pusa, 4-10-1907, leg. 
E. J, Butler, No. 889. 

. SlTMMABY ' ; 

1 . A short account of the iiomenclautre of sawan , 
a minor cereal grown in India, is given and its 
correct name has been shown to be Echinochloa 
frurhentacea (Eoxb.) Link. 
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2. Tlie CFOf) is attacked b}:' two, srniit'S, UstUago 
Fa.mci-frmmnkicei and UsUlago %)anuhxa, both of 
wbieh are re-described. A third smut, incorrectly 
identified as U, Pamci-frumentmei is shown to he 


Ivtilkaml.,. O, S, (1922). &mit Hugo pu rat iora Syd» 
ami BufcL) on Sawaii {Ptuuenm. fri(me7iHwenm HoxJ?.) 

■/. Indian hm, Sm. S> 10-11 
Lavroff, .M. K. (1936). Al)straiifc in Bci?. api>. 
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STUDIES ON THE COTTON JASSID {EMP0A8GA DEV AST AN 8 DISTANT) 

IN THE PUNJAB 


IV. A NOTE ON THE STATISTICAL STUDY OF JASSID POPULATION 

By Mohammad Afzal, Dwabka Nath Nanda and Mahzoob Abbas, Cotton Research Laboratory, 

Lyallpur 

(Received for publication on 11 February 1943) 


Amongst the host plants of jassids in the 
Punjab, cotton is the most important as regards 
area, cash value and general economic importance. 
The relationasMp of the host and the pest in 
this crop tas, therefore, been studied in great 
detail. The method of estimating the population 
of this pest on cotton is of fundamental impor- 
tance and ill a previous pubhcation of this series 
[\^erma and Afzal, 1940] one method of comparing 
the arithmetic means of the jassid population on 
any two varieties has already been described. 
These studies have now been amplified and are 
described here. The present method is of general 
applicability and has been employed by Williams 
[1937] in his studies on the number of insects 
caught in a light trap. 

The population of the pest was estimated by 
the three methods on a large number of varieties 
from the American varietal test plots laid out 
according to Fisher’s randomized block system 
during 1937-41. The procedure employed in these 
methods was as follows : 

1. Sweeping, This method is useful only in 
ascertaining the adult population of the pest. 
The instrument employed was a hand-net 13 in. 
in diameter with a muslin hag 27 in. long and 
a wooden handle 27 in. in length. Adults were 
caught from each bed with 16 forward and 10 
backward strokes of the net. The insects thus 
collected were later counted. 

2. ^Gounting, Average-sized plants (three to 
fi.ve) were selected from each bed in each repeti- 
tion and all the living nymphs were counted on 
all the leaves by slowly turning them over. 

3. Fumigation, Three to five normal plants 
were selected from each bed in each repetition 
and each plant was in turn' enclosed in a fumigat- 
ing chamber. A sheet of white paper was placed 
below the plant and the plant fumigated by 
pumping calcium cyanide from the hole at the 
top of the fumigating chamber. Dead nymphs 
and adults were counted on the plant as well as 
on the wliite paper. 

The data thus collected was subjected to statisti- 
cal analysis. It may be, however, said that in 
all insect census, there are great possibilities of 


arriving at wrong conclusions, as very often the 
calculated mean infestation is upset due to the 
swamping of results in a series of observations by 
very high numbers. The study of insect popula- 
tion over a long range of time invariably gives 
rise to skew distributions and covers a wide range. 
The degree of infestation in such oases cannot be 
computed merely from the arithmetic means and 
the application of statistical formulae also 
become invalid. Thus in all such studies the 
data requires such a transformation as would act 
like the square root transformation for low num- 
bers but like the logarithmic transformations for 
large numbers. Williams [1937] in his studies on 
the number of insects caught in a light trap has 
used the transformation — g = log^o (^+1)* This 
function approximates to r=l/3V ^ for low 
numbers, and, at values of n above IOj it departs 
from the square root curve and Approaches 
7=:log n, from which it is practically indistin- 
guishable at values of n above 100. The 
transformation prevents the swamping of results, 
makes the distribution normal, and affords a 
valid basis for estimating the insect population 
on different dates or different varieties. 

When it is intended to compare the degree of 
infestation of different strains, from the insect 
population counted throughout the season, by the 
method of the analysis of variance, the same trans- 
formation must necessarily be employed. It is 
admitted that since the variance is proportional 
to the square of the mean, a very highly suscep- 
tible variety included in the experiment would 
increase the error vairance and thus the small 
differences between the varieties would be masked. 

Cochran [1938] has dealt with the difficulties 
in analysis of variance at some length and has 
suggested transformations for different t3rpes of 
data, as without the use of one or the other trans- 
formation valid conclusions cannot be drawn. 
These transformations are given in Table I. 

In order to find out the best transformation of 
the data available, the mean and the variance of 
the figures were worked out and by way of an 
example only one set of figures chosen at random 
from the original data is given in Table II, 
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Table I 


Tmmformations suggested by Cochran 


1 

Distribu- 

tion 

Data 

Relation 
between 
variance 
and mean 

1 

j 

Transfbr- 

1 Vari- 
ance 
in new 
! scale 

1 

Poisson 

Small whole 


; ! 



numbers 



r 


(x) . . 


1 V iK 

1/4 

r 

Fractio.ii (p) 

V^p(l.p) 

sSin-lVl? 

821 

Binomial-^ 


n 

I 

n 

1 

Percentage 

|F=P (100 P) Sin-V“P ; 

821 


(p) 

A 

i IPO 

i 

"n 


]N'umbers{it’) 

F=--Xa.’2 

1 ioglll ^ 

! i 

0*1 89X 


Table II 

Mean and variance for different varieties of jassid 
population estimated by sweeping during 1939 


Variety 

i 

Mean 

Range 

Variance | 

_ Variance 
^ (Mean)* 

4F . 

163*50 

382 . 

1 23,804*28 

0*891 

L.S.S. 

171*00 

443 

26,364*86 

0*902 

lOOF 

208*63 

608 

48,129*41 

1*106 

289F/43 . 

455*75 

1678 

339,159*07 

1*633 

124F 

603*88 

1592 

465,244*69 

1*276 

289F/K.25 

1314-00 

3867 

2,449,084*00 

1*418 

1 


It will be seen that the variance for different 
varieties was proportional to the square of the 
mean and therefore the ordinary method of analysis 
of variance conld not be applied as there was a 
great probability of arriving at wrong conclusions 
by masking the small differences amongst the 
varieties. It was therefore decided to use the 

transformation log («+l)- 

In order, however, to test the validity of this 
transfomation the analysis of variance of the 
original as well as the transformed data ware 
worked out and the mean infestation and the 
measure of significance of the actual as well as 
the transformed figures are given in Table III 
and IV, respectively. 

A comparison of these two tables reveals that 
the transformed figures give a much more precise 
measure of significance than the original data, 
it is seen that the relative population density on 


the various varieties is brought out iiiiiel] more? 
precisely in the transforiiic<l figures than from the 
original data. Wlieii a new strain is isolatwl at 
a Plant Breeding Station in a jassid infested area^ 
the plant breeder ivould like to know its reaction 
towards this pest and if the original data is used 
for this purpose the danger of imisldrig the sliglit 
differences in resistance or susceptibility become* 
more marked. It is, therefore, necessary to 
transform the figures and l)ase the coiicliisioiis on 
this data. 

From the data presented in Table IV a compari- 
son of the degree of Infestation on different varieties 
as well as a co:m|)arisoii of the relative efficiency 
of three methods of estimating the f)opu]ation are 
possible. 

'Comparison of different methods 

It wili be seen from. Tal}le IV that tlie order of 
the varieties remained practically t.he same by 
the different methods in aU the years. The slight 
differences are not such as ‘ to cast grave doubts 
on the similarity of the three metliods’ and thus 
the recommendation made earlier [Veriiia and 
Afzal, 1940] holds good. The plant breeders wiH, 
therefore, be w^eli advised to use the cheapest 
method of sweeping in ail their future studies. 

Comparison of the varieties 

Amongst varieties mentioned in Table IV the 
main interest centres round the four comniercdal, 
varieties, namely, 4F, LSS, 289F/43' and 289F/K25. 
It is apparent that no clear distinction can 
■be made between 4F, LSS, and 289F/43 and 
that these three varieties' were distinctly ' more 
resistant than 289F/K.25 wffiich was the most 
■susceptible variety. Amongst the new strains. 
Jubilee cotton, being a desi variety, was naturally 
very resistant. The revst are ail strains. of .Ameri- 
can cotton and 199.F and 148F were of : ractically 
the same order .of resistance as 4F, L.S.S. and 
289F/43 .wffiile 124F was comparable to 289F/K. 
25. The strains lOOF, 1 26F, 186F and A.C. 31 
have since been rejected on account of other 
undesirable characters. 

Summary ' 

The insect census cannot bo estimated by the 
aritlnnetic means and the utility of the logarithmic 
transformation emxiloyed by WiOiams is dealt 
with at length. The population of thejassidson 
different varieties was estimated by the three 
methods, sweeping, counting and fumigation, 
for five years (1937-41). The degree of infesta- 
tion on the different varieties could not be deter- 
mined by the analysis of variance of the actual 
data as the variances in the case of the different 
varieties under experiment instead of being almost 
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,tlie same were of unequal magnitude and propor- 
tional to the square , of the means. The data 
was, therefore, transformed to logio(^^+l). 

It was found that the order of the susceptibility 
of all the varieties remained practically the same 
by the three methods and hence the breeders 
have been advised to use sweeping, which is 
cheapest and simplest of the three. 

It was found that 4F, LSS and 289F/43 
were equally resistant and that 289E/K25 w^as 
the most susceptible variety. Among the other 
American strains 199F and 148F need only be 
mentioned. These were practically of the same 
order of resistance as 41', LSS and 289F/43. 
Jubilee cotton, a variety, was, however, the 
most resistant strain. 
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Ever since Svirbely and Szent Gyorgi [1932] 
showed experimentally that vitamin G was identi- 
cal with hexuronic acid or ascorbic acid, its reduc- 
ing property has been utilized in its estimation by 
the modified Tillman 2 : 6 dichlorophenol indophe- 
nol indicator method as developed by Birch, 
Harris and Bay [1933]. On account of its import- 
ance in nutrition, the estimation of vitamin 0 in 
fruits, vegetables and their numerous products, 
has in recent years been the subject of a great 
deal of investigation. There is absolutely no re- 
cord of the vitamin- C content of the different kinds 
of fruit and vegetables grown in Baluchistan. In 
an investigation of this nature, factors like soil, 
climate, variety, method of handling, etc. have a 
profound influence on the vitamin- C content of 
the material. This attempt to record the findings 
on the subject is, therefore, fully justified. Fur- 
ther, the experimental data obtained have an 
intrinsic value in themselves. 

In a study of the ascorbic acid content of some 
English fruit and vegetables, Olliver [1938] found 
that in the case of black currants, gooseberries and 
strawberries, the maximum vitamin-C content is 
obtained by early picking. On any one^ day of 
picking, however, the concentration is higher in 
the riper than in the less ripe fruit. In the case of 
gooseberries, etc., variety may greatly affect the 
vitamin-0 content. In America, Wheeler, Tressler 
and King [1939] have carried out an exhaustive 
series of investigations on the vitamin-C^ content of 
numerous vegetables and recorded their approxi- 
mate vitamin-C content in milligrams per gram of 
the material. ^ 

In recent years, various workers in India are 
engaged ill studies on the vitamin-C content of 
fruits and vegetables. Hamodaran and Srinivasan 
[1935] studied the vitamin-0 content of some 
Indian plant materials like drumstick (Moringa 
oUefem Lamsk), Gashewapple (Anaawdiimi 
Linn), her {Zizipus jujuba Jus.), 
etc. Their experimental findings not only showed 
the existence of stiikingly rich sources of vitamin- 
0 among materials not examined till then, but also 
threw interesting light on the variation in the 
conditions in which the vitamin exists in plants. 
Ahmed [1935] chemically determined the vitamin- 
0 content of a number of Indian fruits and vege- 


tables. Mitra, el al. [1940] esthnated the ascorbic 
acid content of some 90 fruits anrl veirc^ables 
gro\m in Bihar. In the mango, tla^ us(u;)rbi(,i acid 
content of the skin was found to be twice as much 
as that of the pulp [Bama 8arma and Banerjee, 
1940]. Workers in the Nutrition Beseareh. Labora- 
tories at Coonoor are also engaged in studies on 
this subject. . 

All the world over, the attention of research 
workers is, however, no'W turned to a study of the 
changes in the vitamins during the different stages 
of processing of the numerous fruit and vegetable 
products. The literature on this subject is vast 
and requires careful sifting to secure concrete data. 
There are, however, a few reviews on the subject , 

‘ Vitamins in Canned Foods ’ is the title of an 
exhaustive and critical paper on the subject by 
Kohman [1937]. In a review of the eifeet oi 
processing on vitamins in fruits and vegetables, 
Fellers [1936] pointed out that ordinary storage 
and to a lesser extent cold storage for long periods 
in air, cause serious loss of vitamin C. Sim-dr^ng 
is more destructive to vitamin 0 than artificial 
dehydration. Fermentation of fruits^ and veget- 
ables is injurious to vitamin 0. During cannmg, 
the more acid fruits retain more of vitamin-C than 
the non-acid vegetables. _ , 

Olliver [1936], who studied the effect of cooking 
and canning on the ascorbic acid content of fruits 
and vegetables, came to the conclusion that 
of variations rather than fixed values should be 
given to the vitamin-C content of fruits and vegeta- 
bles. The percentage of ascorbic acid destroyed 
in both cooking and canning is comparatively 
small. Some plant tissues showed apparent gam 
of ascorbic acid on heating, a result of consider- 
able interest in view of the recent work by Keed- 
man and McHenry [1938] on combined ascorbic 

acid in plant tissues. . x 4 . 

Mac Linn and FeUers [1938] noticed that tomato 
varieties and strains shoved a considerable range 
in ascorbic acid content (74 to 249 international 
units per ounce ; 1 internationa unit ot vitamin 
Q_ ().05 mg. pure ascorbic acid). The outside 
flesh and skin of the fruit were found to contain 
most of the ascorbic acid, but its highest concentra- 
tion was in the seeds and in the gelatinous material 
of the locule section. About 25 per cent ot tlie 
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original ascorbic acid present in tomato juice was 
destroyed when the juice was concentrated to pre- 
vent separation of snspanded solids. Tomato 
juice stored for 400 days both in the dark and in 
the, light did not lose more than 25 per cent ascor- 
' bic acid. 

According to Charley [1939], sjnmp from the 
Baldwin variety of black currant contains as 
much as 101*3 mg. ascorbic acid per 100 c.c. Sills 
[1940] noticed that sulphur dioxide exerted the 
greatest preservative action on ascorbic acid con- 
tent in EnglMi fruit Juices and syrups. Joslyii 
[1941] noticed that in the case of citrus juices, 
sulphur dioxide was not only an excellent antioxi- 
dant, but also a preservative of vitamin- C and 
colour, contrary to other findings. Lai Singh and 
Girdhari Lai [1940] have determined the ascorbic 
acid content of tomato juice. 

The present paper deals mainly mth the elFect 
of various manufacturing processes on the ascorbic 
acid content of some important fr uit and vegetable 
products. 


Extkactiox of ascorbic acid 


Material and methods 


Different kinds of fruits and vegetables employ- 
ed in this investigation were mostly obtained from 
the Governmmit Fruit Experiment Station, Quetta, 
while for comparative purposes market samples 
also were analysed in certain cases. The material 
was, therefore, of known origin and the results 
obtained were of great use in interpreting the effect 
of variety, soil factor, climate, method of handling, 
etc. on the asorobic acid content of the material. 

The ascorbic acid content of the fresh as well as 
the processed fruit or vegetable was estimated by 
the modified Tillman 2:6 dichlorophenol indo- 
phenol indicator method as developed by Birch, 
Harris and Ray [1933]. In the case of the fresh 
material, trichloracetic acid was employed for 
getting the extract, while in the case of juices and 
syrups, the press extract itself was taken for the 
estimation of the ascorbic acid. The details are, 
however, given briefly in the following paragraphs. 


The indicator solution 


Harris and Ray [1933] recommend 0 • 1 gm. of the 
indicator in 50 c.c. water, i.e. a 0 * 2 per cent solution. 
In the present case, however, 0*145 gm. of the 
indicator was dissolved in water and made up to 
50 c.c. to give a O-Ol M solution. The indicator 
solution was standardized against ascorbic acid 
solution which was itself standardized against 
iodine solution. At the end point of titration, the 
blue colour of the indicator changed sharply into 
red or slightly brownish red tint and remained so 
for 2-3 minutes. 


The ascorbic acid in thci case of most, fruits and 
vegetables is bound up wit,h the tissues in varying 
degrees and its complete extraction is not an easy 
process. The cell tissues are to be broken before , 
the solvent can extract it. The method adopted 
for the extraction was briefly as follows : — About 
10 gm. of the fresii material .was cut into fine pieces 
with a stainless steel knife and crushed in a glass 
mortar using 5 gm. of chemically pure sand, to 
break up the ceils, and 6*25 c.c. of 20 per ce,i.it 
trichloracetic acid solution. The extract was 
iilterexl rapidly through muslin cloth. In some 
cases, the extraction was repeated twice or thrice. 
The combined extracts were made up to 25 c.c. so 
that the final concentration of trichloracetic acid 
in the final extract was 5 per cent. 

Trichloracetic acid helps to precipitate protein 
matter and break up the cell walls releasing the 
ascorbic acid. Further, it may also stabilize the 
vitamin by having an inhibitory effect on the 
oxidizing system in the broken tissue. It is, how- 
ever, not definitely known if trichloracetic acid 
extracts the vitamin completely from the fruit or 
vegetable tissue. A few experiments in this direc- 
tion were carried out by varying the time of grind- 


ing, number of extractions, concentration of 


trichloracetic acid, and also by applying heat, etc. 
Olliver [1938] recommends metaphosphoric acid ^ 
in addition to trichloracetic acid as it holjis to pre- 
vent oxidation. In the case of fruit Juices and 
syrups, they were titrated directly with the indica- 
tor solution. In most cas^s, the average of three 
readings was taken to calculate the asorobic acid 
content. The results thus obtained for the ascor- 
bic acid represent, therefore, what occurs in prac- 
tice in the preparation of these products. 

The ascorbic acid content of some important 
fruits and vegetables and their products are given 
in Tables I and II. It will be noticed that white 
clingstone peaches contain nearly twice as much j 
ascorbic acid as yellow freestone peaches. Limes 
are rich in vitamin C and the juice contains nearly 
44 mg. of it in 100 c.c. Tomatoes are quite rich in 
their ascorbic acid content. Green and unripe 
tomatoes contain only 18-20 mg. of the acid, while 
the ripe ones contain as much as 30 mg. per 100 
gm. The juice content of tomatoes obtained by 
hot pressing is 73*06 per cent and the ascorbic 
acid content of the juice is 29 *12 mg. per 100 c.c. 
indicating thereby that most of the acid is concen- 
trated in the juice that can be separated by mere 
hot pressing. When the Hot ’ pressed juice was 
allowed to stand overnight in an open vessel, there M 
was a loss of 1* 41 mg. of ascorbic acid only . When 
fresh cold-expressed juice was filtered and the 
filtrate taken for the estimation of ascorbic acid, 
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STUDIES ON FKUIT iiNB VEGETAULE PKODDCTS, III 
Table I 

Ascorbic acid content of some important fruits 


Experi- 

ment 

m. 

Particulars 

Ascorbic 

acid 

content (mg.) 

Bemarks 

1 

White clingstone peach, fully ripe {Prunus persica) 

11 • 96/100 gm. . 

.Eroin Fruit Experliiiefit Sta- 

2 

Parvlii-Yellow free stone peacli, fully ripe- 

6 -02/100 „ . 

Ditto, 

3 

Kagzi lime— good quality fruit {CUrm medica mida) , 

43-87/100 „ . 

Market sample 

4 

Water melon juice {5*8 Deg. Brix. and 0*04 per cent 
acidity, as Citric acid) (CitruUm vtdfjaris) 

5-27/100 c.c. 

Is"ot a ricli source of vitainiB 
0 

o 

Water melon seed, air dried ..... 

3-37/100 gin. . 

6 

Tdraatoes (local) large red, fully ripe (Lycopcrsieum 
escuhntumi) 

30-26/100 c.c. . 

fTuice was pressed in thc^ 
cold 

7 

Do. Yellow ripe only (acidity of juice 0*52 per cent 
as citric acid) 

17-67/100 c.c. . 

■Unripe totnatoas ; hence the 
low value 

8 

Do. Green and unripe . . . . . 

19-83/100 C.C. 


9 

Do. Ripe, red (Trichloracetic acid extract) 

Do. Eidiy ripe. Juice extracted by tlie ‘ liot process ’ 
as for preparing totnato juice 

23-03/100 gm. 1 

Tlie juice content of toma- 
toes (by pressing)^ is 73 • 06 
per cent. The juice ap- 
pears to contain almost 
the whole of the ascorbic 
acid 

iO 

29-12/100 c.c. . 1 

I 

! 

i' j 

11 

Do, The juice from Expt. 10 allowed to stand over- 

i 27-71/100 c,c. 


12 

night 

Do. iTuice freshly expressed in the cold and filtrate 
taken for estitnation 

32-91/100 C.C. . 

i 

The clear serum contains 
the whole of the |aseorbic 
aoid in tontato juice 

13 

Peach squash (55 Deg. Brix* and 1*0 per cent added 
acidity, as citric acid ; preserved by SOg) 

' 11-0/100 e.(s. . ! 

1 Prepared from white 

peaches 


Table II 

Ascorbic acid content of some vegetables 


Experi- , 
meat 

Particulars 

} 

j Ascorbic 

i acid 

Remarks 

No, 


1 content (mg.) 

i , - 


1 

Lettuce, fresh and green (Lactuca sativa) . 

i ; 

1 17-01/100 gin. . 

1 

From Fruit Experiment Sta- 
' 'tion Garden 

'2 

Spinach, fresh and green {iSpinacea olermea) 

'63-54/100 gm. . | 

: Do. ■ Rich in vitamin '0 

3 

Potato, fresh young, not peeled (Local variety) {Solu- , 

24-57/100 gm. , ‘ 


4 

num tuberosum) 

Green chilli, fresh and green (Uapwwm aouminaia) . ! 

74-87/100 gm. . j 

i 

From Fruit Exp'oriment. Sta- 
tion Garden. Thfe is a 



i 

1 remarkabl© observation 


Brmjal, fresh, small, tender purple coloured {Solunum 
melongena) 

Karela {Mmiordica ckarantia, Cucurbitaces) — 

1 3-76/100 gm. . 

* Ditto* 

■ '6' 

175-5/100 e.c. 

i ■ ' 


(a) Small, tender, green 2 Jin, x § in, diam Juice 

1 ■■ ■ , ■ 


pressed in the cold through cloth 
(6) Sam© after two days storage at room temperature 

188-0/100 gm. 



(trichloracetic acid extract) 

(c) Same as in (a) cut i nto slices and sun dried (20 per 
cent yield) 

29-81/100 gm. of 
fresh vegetable, 
149-06/100 gm. 
of dried vegetable 

: There, is thus a loss of 83-0 
per cent of ascorbic acid 
as a result of sun drying 

Young and' tender Karela. 
contains nearly twice as 



(d) Old, yellowish green and brittle, 7 in. x j 

96-72/100 gm. . 


, in size ■ j 

i. . : 

mu^ ascorbic acid as the 
, rip© and brittle one 
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, It was noticed that it contained slightly more of 
the acid than the iinfiltered juice. This slight 
increase in the value might be duo to the fact that 
during filtration of a certain volume of the juice the 
insoluble particles are removed, thereby decreas- 
ing the volume of the filtrate, and consequently, 
a slightly less volume of the filtrate will be required 
to titrate a given volume of the indicator. The 
experiment also indicates that the clear serum 
contains almost the whole of the ascorbic acid in 
tomato juice, the insoluble pulp containing a 
negligible quantity of it. Cold-pressed tomato 
juice was also slightly richer in ascorbic acid than 
the hot-pressed juice, shovdng thereby a slight 
loss of the acid during the short period of heating 
prior to pressing. 

In the case of vegetables, spinach, green chilli 
and harela (Momordica charantia Cucurbitacea) 
are veiy rich in ascorbic acid. It is a remarkable 
observation that green chillies grown locally con- 
tain as much as 74*87 mg. and Jcarela 188*0 mg. 
of the acid per 100 gm. of the tissue. Lettuce and 
potatoes contain 17* 01 and 24* 57 mg. respectively 
per 100 gm. of the fresh tissue. The juice of 
harela, when pressed in the cold, is very rich in 
ascorbic acid and contains 175* 5 mg. of it per 100 
c.c. Wben the vegetable is over-ripe and yellow, . 
its ascorbic acid content is low, being only about 
50 per cent of that of the fresh tender vegetable.' 
Wben the fresh tender vegetable was cut into pieces 
and dried in the sun without any further prelimi- 
nary treatment, the yield of the dried product was 
20 per cent of the fresh vegetable and it contained 
149* 05 mg. of ascorbic acid per 100 gm. of the pow- 
der, or 29 ' 81 mg. per 100 gm. of the of fresh veget- 
able. There was, therefore, a loss of nearly 83*0 
per cent of the acid during ordinary sun-drying. 
In spite of this, even the sun-dried powder contains 
nearly 30 mg. of ascorbic acid per 100 gm. which 
compares favourably with tomato juice which is 
well known for its vitamin-C content. Karela 
might prove an easily available and rich source of 
vitamin-C in the production of foodstuffs contain- 
ing the added vitamin. Further experiments are 
needed to find out if by modifying the process of 
drying, the loss of ascorbic acid content of the 
vegetable can be minimized. The bitter nature 
of the vegetable might prove a handicap in its 
widespread use in the preparation of vitamin- 
fortified foodstuffs, but it should be possible to get 
over this difficulty also. This is, however, a sub- 
ject that reqxiires further investigation. 

Ascorbio acid content of tomato juice 

In view of its importance as a source of vitamin- 
C, tomato juice and related products have been the 
subject of a series of investigations by American 


workers [Mae Linn and Fellers,. 1938]. During 
the 1939 and 1940 seasons, a number, of batches of 
tomato juice . were prepared and bottled using 
high quality tomatoes grown at the Fruit Experi- 
ment Station, Quetta. The method of xireparation 
was as follows : 

Fully ripe tomatoes were washed with cold 
water sprays, cut into four pieces and heated 
quickly in an aliiminium vessel and kept at the 
boiling temperature for 5 minutes to soften the 
pxilp. The hot pulp was then rubbed by means of 
glass rubbers through loose mesh muslin cloth 
spread over 16 mesh monel metal sieves. The 
juice thus screened was weighed and salt added to 
the extent of 0* 9 per cent by weight. The juice 
was brought to a boil, and filled hot into sterile 
glass bottles of 24 oz. capacity which were then 
closed with crown corks and sterilized for 35 
minutes in boiling water. At the end of the pro- 
cess, the bottles were cooled slowly by running out 
the hot water from the tank. The degree Brix, 
acidity and ascorbic acid content of the juice were 
determined in all cases. The data are given in 
Table III. It will be noticed that the Brix value 
of the juice varies from 6*0 to 8*3 degrees, while 
the percentage acidity varies from 0*48 to 0*74, 
The ascorbic acid content has, however, a greater 
range of variation. Early in August, the ascor- 
bic acid content of the juice was only 29 mg. 
per 100 O.C., while about a week later when the 
tomato season was at its highest, it rose to 
53 nig., indicating thereby that fully ripe 
tomatoes at their peak period are considerably 
richer in ascorbic acid than the early ones even 
when they are fully ripe. When ripe tomatoes 
are picked and kept in ordinary storage for two to 
three days only, there is only a very slight loss of 
ascorbic acid. Longer storage, however, may 
considerably increase this loss as reported by 
Fellers [1936]. During the 1939 season, the sam- 
ples of tomatoes were collected towards the end of 
July when the ascorbic acid content of the juice 
was 26-28 mg. per 100 c.c. There was a tendency . 
for this value to rise with advancing season. The 
slight increase in the ascorbic acid content of to- 
mato juice cocktail was mostly due to the added 
acid through the addition of lemon juice, chilli 
powder and spices to plain tomato juice to convert 
it into the coclstaiL 

A well known brand oi tomato juice packed in 
plain cans was found to contain only 12* 5 mg. of 
ascorbic acid per 100 c.c. In our experiments, the 
freshly bottled juice was far higher in its ascorbic 
acid content. There was, however, a certain 
amount of loss during ordinary storage in white 
glass bottles for long periods. 

The results of a series of experiments on the 
changes in ascorbic acid content of tomato juice 
during preparation as well as storage in white glass 
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bottles under sterile conditions are given in Table 
IV. 

It will be noticed that there is comparatively 
little loss of ascorbic acid content during the first 
20 min. when the juice is kept in, stoppered glass 
fiasks. After that period, t.here is a slight fall in 
the value' and at the end of 43 lirs., the loss is 
nearly ,35 per cent of the original value. The 
ascorbic acid content of tomato Juice decreases 
with Increasing period of storage of fully ripe 
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tomatoes. It is, theridbre, desirable riol to keep 
fully ripe tomatoes Imig In storagi* iiefore |>rf‘paring 
the juice. There is a c(>iisiflerahle loss of «aseorbi(t 
add in bottled tomato juice during ordiinny 
storage. In one instance, tie* original a.sc*orbie 
add content of the jiiico was 2H* 05 mg. per 1 00 c.io, 
but when bottled and stored at ordinary tempera- 
ture' for al»oiit 11 months, t-lie value \tas only 
16*54 mg. per 100 c.c. indicating a loss of maarly 
42* 6 per cent of tlie vitamin. 


STUD,IES ON PlitllT AND VEOIT ABLE BBODtICTS, III 


Table III 


AaeMrhic mid content of tomato juice- 


Experi- 
ment 
No. ' 



Juice 

i 

f 

1 

Date 

Particulars 

YMd ! bS; 

! ' 1 

Acidity 
per cent i 

Ascorbic 

acid 

j Remarks 

i 


Per cent as citric mg. 100 c.c. 


1 

10-8-39 

Large ripe, red, select toma- 

75-0 

7-0 

■ 0-57 

29-12 



toes local variety 







Ditto 

•• 

-- 


28-7 



Ditto 


1 


28-7 

2 

11-8-39 

Large, red, select tomatoes, 

57-1 

6-2 

0-62 

28-5 



slightly under-ripe 





3 

15-8-39 

Tomatoes fully ripe . 

61-9 

6-5 

0-48 

52-65 

4 

19-8.39 

Tomatoes ripe . 

71*5 

6-7 

0-73 

40-5r 

5 

21-8-39 

Same as in Expt. (4) stored 

52-8 

6-8 

0-57 

40-51 



In trays at room tempera- 
ture 





6 

23-8.39 

Tomatoes picked on 22 
August 39 

70-0 

6-2 

0-75 

0-63 

35-10 

40-51 

7 'i 

30-8-39 

Ripe tomatoes 

67-4 

6-3 

8:," 

1-9-39 

Tomatoes picked on 31 

70-4 

6-3 

0-74 

47-86 

9 

9-9-39 

August ; ripe j 

Tomatoes picked on 8 

66-6 

6-0 

0-70 

43-87 



September ; ripe 




19-5 

10 

13-9-39 

Tomato juice, commercial 

. . 

^ ,■ 

. . 



brand 





11 

15-7-40 

Ripe tomatoes of good qua- 

66-7 

6-1 

0-56 

26*34. 

12 

20-7-40 

lity 

Ditto 

75-2 

8-3 

0-65 

27-71 

13 

28-7-40 

Ditto 

65-9 

6*5 

0-65 

30-97 

14 

29-7-40 

Ditto 

70*7 

6*5 

0-63 

37-ai-: 


j Juice screened fchro'iigh 
I monel metal sieve 

i After adding salt and 
I heating to 200®,F. be- 
I fo,re filling into bot- 
I ties 

1 After standing over- ' 

,| night in an open bot- 
I tie 


I Splitting of the tom,a- 
I to had begun 
I There ' was not miy 
S change 'in the ascorbic 
; ■ acid content as a result 
! of further ripening 
I after picking] 


A well-known brand of 
tomato juice in cans 
was analysed for com- ' 
parative study 

Salt was, added ' before 
taking ,th©'.B'rix, 'read-' 
ing 

Spices were added to 
prepare tomato juice 
cocktail 

Ditto. 
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Table IV 

Changes in the ascorbic acid content of tomato juice 


[Nlll 


Experi- 
' 'mont' i 
No. . 

■ 

Particulars j 

Ascorbic acid 
content 
mg./lOO c.c. 

i 

Remarks 

1 

■ Tomato 
pressed 
clotii— 

(local variety) large red, fully ripe ; juice 
cold and filtered rajjidly through muslin 

1 

1 

1 

! 





(1 e.c. indicator ™ 1 -053 m'g, of ascorbic acid) 




Time after extraction 


i c,o. indieafcor =* c.c, juice 



1 3 minutes . * . . . 3*48 

30*26 


I 10 „ . . .■ . . 3*30 

SI -91 ! 


I 20 „ . . . . . 3*32 

31*72 j 


I 26 3-40 

30*96 ! 


1 60 3*46 

30*43 i 


1 43 lioura . . . . . 5*10 

20*66 

2 

1 

1 Tomato from Expt. No. (1) lipened further for two days 

28-77 


in the open 

j 


3 

! 

j Do. after four days ripening . . . 

26*07 

4 

I Tomato juice bottled on 11 August 1939 and kept in 

16-64 1 


i ordinary storage till ! 7 July 1940. Original ascor- 
bic acid content of juice 28*65 mg./lOO c.c. 

■ 1 


stoppered glass flask at 
room temperature 


There is a loss of about 35 
per cent of the original 
value 

The ascorbic acid content 
decreases slightly as a 
result of further ripening 
after picking 


There was thus a loss of 
42*6 per cent of ascorbic 
acid content during a 
period of storage for about 
11 months 


Summary 

An investigation has been, carried out into the 
ascorbic acid (Titamin-C) content of a number of 
important fruits and. vegetables and some of their 
products. The ascorbic acid estimations were 
carried out by titration against standard 2 : 0 
diclilorophenol indophenol indicator. 

White clingstone peaches contain nearly 
twice as much ascorbic acid as yellow freestone 
peaches. 

Green and unripe tomatoes contain only 18-20 
mg., while the ripe ones contain as much 30 mg, of 
ascorbic acid per 100 gm. of the tissue. 

Almost the whole of the ascorbic acid present in 
tomatoes is in the juice that can be separated by 
cold pressing. The clear serum contains the 
maxinnim amount of the acid, while the filterable 
insoluble pulp contains almost nil There is only 
a slight loss of ascorbic acid during the hot pro- 
cess of extraction. 

The ascorbic acid content of tomato juice in- 
creases with the advance of the tomato season and 
is ^ the maximum somewhere near the peak period 
of the season. When ripe tomatoes are picked and 
kept in ordinary storage for two to three days only. 


there is only a very slight loss of ascorbic acid. 
Longer storage may, how^ever, considerably in- 
crease this loss. 

There is very little loss of ascorbic acid in hot- 
pressed tomato juice during the first 20 min. of 
storage, after w'hich there is a gradual fall and at 
the end of about 43hrs., the loss is nearly 35 per 
cent. There is, however, considerable loss of 
ascorbic acid in bottled tomato juice during ordi- 
nary storage, the loss being as much as 42 • 6 per 
cent during storage for a period of 11 months. 

Among vegetables brinjal contains 3-76 mg., 
lettuce 17*01 mg., spinach 63*54 mg. and potato 
24; 57 mg. of ascorbic acid per 100 gm. of the fresh, 
tender vegetable. Gh;een chillies are remarkably 
rich in ascorbic acid, in one instance, the value be- 
ing as high as 74* 87 mg. per 100 gm. of the tissue. 
Karela {Moniordica charantia Cucurbitacea) is 
the richest source of ascorbic acid among the 
vegetables examined. The fresh tender vegetable 
contains 188*0 mg. of ascorbic acid per 100 gm. of 
the tissue, while the cold -pressed juice contains 
175; 5 mg. of the acid per 100 c.c. Old and brittle 
AareZa, however, contains only about 50 per 
cent as much ascorbic acid as the young and tender 
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vegetable. , During siin-dryiiig, there is a loss 
of nearly 8B* 0 per cent of ascoiiiie acid in the. case 
of young and. tender harela, the dried vegetable- 
containing 149*05 nig. of the acid per 1(K) gin,' 
which co.iTesponds to only 29*8 mg. of the acid per 
100 of the original ,fres,h niateiial. 
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aRIATION m THE MEASURABLE CHARACTERS OE COTTON FIBRES 

VI. VAEIATION IN THE UNOOLLAPSED DIAMETER OF THE COTTON FIBRE 

By R. L. N. Iybngae, Technological Assistant, Coimbatore 

(Received for publication on 29 March 1943} 


Of the various measures that are employed to 
estimate the fineness of the cotton fibre, the 
diameter of the tmcoilapsed fibre appears to be the 
closest approximation as it gives the diameter of 
the ■uiidistnrbed fibre cell. Equivalent to it is the 
diameter of the fibre swollen in 18 per cent caustic 
soda solution, as has been shown by Calvert and 
Summers [1925] and others. Bnt the presence of 
immature fibres, which do not swell into rounded 
cylindrical shape in the caustic soda solution, would 
create some errors. Neglecting these immature 
fibres frdm measurement would overcome the 
defect, as lyenger and Ahmad [1942] found that 
the mean diameter is practically the same for the 
mature, half-mature and immature fibres in a 
sample of cotton. Generally speaking, therefore, 
the diameter of the swollen fibre could be used as a 
measure of fineness. In field laboratories where 
fresh bolls could be procured, the uncollapsed dia- 
meter can be used as is beuig done in Egypt 
[Brown et aL 1932]. 

In this method, however, the difficulty of proper 
sampling is a drawback, because the wet fibres 
cannot be mixed thoroughly as is done in the case 
of dry lint. A tuft from a certain region on the 
seed is to be taken for the test. This raises the 
question of the variation of the fibre diameter on 
the surface of the seed. Work of Koshal and 
Ahmad [1932] has shown that the length and fibre 
weight vary considerably in the different regions 
of the seed . Similar variability in the fibre matu- 
rity and standard fibre weight was found by 
Iyengar [1941]. As the standard fibre weight is a 
measure of the diameter, it is to be expected that 
the latter also varies in the different regions of the 
seed. To study the extent of this variation is the 
object of the present work. For this purpose the 
uncollapsed diameter of the fibre was determined 
at the three regions (1) micropylar end, (2) right 
side (raphe facing the observer and niicropyle point- 
ing upwards), and (3) the chalazal end. These 
three regions would be sufficient for our puipose as 
the previous work has showm that the variation of 
the fibre characters is greatest between the micro- 
pylar and chalazal ends, the right side having near- 
ly the same value as for the other regions. 

A fairly mature boll plucked from the plant was 
immediate^ cut open and the locks were placed 
under water. The middle seed of one lock was 


taken out, the fibres were gently teased out by 
means of needles and a tuft of about 80 to 260 
fibres sprouting exactly on the region required was 
separated and puUed out, the whole operation being 
done under water. The fibres in the tuft were 
arranged parallel on a Cfulati and Ahmad [1935] 
slide, mounted in a mixture of equal proportions of 
glycerene, alcohol and water and examined. No 
fixative was used as only one or two bolls were 
examined each day. 

The results obtained in the case of 13 bio-types 
of G. hirsutum grown under irrigation and four of G. 
arboreum and two of G, herhaceum grown under 
rain-fed conditions are recorded in Table I. One 
tuft taken from each of the three regions on one 
seed was examined for each boll. 

It will be seen in the irrigated varieties of hirsu- 
tum that (1) in every case the micropylar end indi- 
cates a significantly higher value than either of the 
other two regions and (2) in eight cases, namely 
3, 4, 7, 13, 14, 16, 17, and 18, the right side has a sig- 
nificantly higher value than the chalazal end. 

When the mean values for the different regions in "'i 
all the irrigated cottons are considered, the micro- 
pylar end is found to be significantly greater* than 
the right side or the chalazal end. 

The coefficient of variation is found to vary from 
10 -8 to 21-7 per cent with an average 15*8 per 
cent. The right side appears to have a lower 
coefficient of variation than the other two regions. 

The variability, which is of the same order as that 
found by Koshal and Ahmad [1939] for the swollen 
diameter, indicates that an examination of about 
200 fibres would give a standard error of about 1*1 
per cent. 

Amongst the rain-grown cottons, the differences 
between the micropylar region and the other 
regions are not so high as indicated by the irriga- 
ted hirsutums. W^hile in the latter case the differ- 
ence w^as significant in all cases, in the case of the 
rain-grown cottons only four samples (Nos. 19, 

21, 22 and 25) out of 10 record significantly higher 
values for the micropylar end over the right side. 
Bet%veen the micropylar end and the chalazal end, 
however, all the differences except the last three 
are significant. In all cases except tw^o (Nos. 21 ' 
and 26) the right side has significantly higher value 

* Significance was estimated according to student’s ^ 
method 
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MEASUBEABLE CHABACT.EBB OF COTTOH FIBBES, ¥I 

Tabeb I 

UncoUapsed dicirmter in the different regions of the seed in p 
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No. 


6 

7 

8 
9 

10 


§) 11 


12 

13 

14 

15 


16 

17 

18 


19 

20 


21 

22 

23 


24 


25 

.S 26 

^ 27 


28 




Micropylar end 


Bight side 



(JliJikzal end 


Straiu 

No. of 
fibres 

:Value 

S.E. 

C.V. 

per 

cent 

'No. of 

fibres 

Value 

S.E. 

C.V. 

pCM* 

cent 

No. of 
fibres 

1 

iValiio 

j 

1 

C.V. 

per 

cent 

G, Jvirsutumi 








; 


1 

1 


X3915 Q. 7 

„ Q. 10 ■ . 

„ Q. 11(1) 

„ Q. 11(2) 

« Q. 12 . 

242 

144 

264 

188 

121 

' 24-9 
24*7 

23- 4 

24- 3 
24-5 

0*211 

0-271 

0-204 

0-191 

0-337 

13-1 

13- 3 

14- 1 
10-8 
15*1 

217 

164 

164 

263 

247 

2,1 -4' 
21*8 
21-4 
21-5 
21-0 

0-212 

0-2.39 

0-212 

0-163 

0-195 

14*6 

14*0 

12-7 

11*7 

14-6 

233 

179 

250 

230 

206 

' 21*9 
2,1 - 4 
20*1 
20-7 
20-5 

^ 0-223 
0-2.10 
’ 0-220 
0-226 
0*253 

15- 2 
14-3 
,17-3 

16- 7 
18-0 

X4383 B. 15(1) 

„ B. 15 (2) 

„ B, 33 . 

„ B. 53 . 

„ G. 

178 

229 

172 

118 

128 

24-5 

24-3 

24-7 

27-6 

23-2 

0-278 

0-228 

0-336 

0-640 

0-423 

15-1 

14-2 

17-8 

21-7 

20-7 

178 

233 

274 

143 

183 

20-6 

22-4 

21- 5 

22- 3 
20-7 

0-249 

0-183 

0-204 

0-244 

0-229 

16-1 

12-4 

15-7 

13*3 

14-9 

160 

209 

210 
169 
201 

20 * 3 
21*4 
20-8 
22*9'- 
20*3 

,0-248 
0 - 202 
0-211 
0-256 
0-236 

,1,5-$ 

13-6 

1,4-7 

!4-5 

17-3 

X4463 A. 1 
„ A. 2(Z). 

„ A. 2 (2). 

„ A.3 . . 

„ A. 4 

194 

135 

157 

175 

166 

24*3 

23- 6 
25*4 

24- 1 
23-8 

0-269 

0-318, 

0-322 

0-310 

0-231 

15-3 

15-9 

15-9 

17-i 

12-5 

226 

296 

128 

189 

152 

20-9 

20-2 

22-6 

22*2 

22-2 

0 • 222 
0-211 
0-271 
0-276 
0-231 

16-0 

18*0 

13-6 

17-0 

12-9 

170 

210 

223 

140 

168 

20*2 
20-2 
2M 
20 • 7 
20-4 

0-318 

0-201 

0-234 

0-363 

0-282 

20-7 

!4-4 

16-6 

20*7 

18-0 

Co. 2(1) . 

(2) . 

„ (3) . . . 

175 

145 

168 

27-1 

25-6 

24-2 

0-468 

0-360 

0-3201 

! ! 

22-8 

17-0 

17-2 

239 

125 

209 

22-6 

21-6 

22-2 

0-197 

0-377 

0-250 

13-4 
19-5 
: 16-2 

136 ! 
169 
.127 

2.9-2 

20-3 

20-3 

0-359 

0-311 

0-358 

18-6 

19-7 

19-9 

Mean 


24*7 

1 i 

■ i 

16-1 


21-6 


■ 14*8 


20-9 


17-i 

Q. herhaceum 

2919 

4714 . ' . . 

87 

84 

28-2 

23*6 

j 

0-717! 

0-452 

23-8 

18-5 

183 

161 

24-5 

24-3 

0-209 

0-400 

16-5 

1 20-9 

i:i.9 

166 

22-6 

21-8 

0 - 415 ! 

0-372 1 

! 1 

20-0- 

22-0 

0. arbor eum 

C. 6—4(1) 

„ (2) . 

,, (3) . 

83 
162 
^ 93 

25*0 

23-1 

22-5 

0-719i 
0-357 i 
0*484; 

26-6 

19- 6 

20- 8 

161 

184 

170 

20-6 

22-0 

21-6 

0-226 

0-303 

0-280 

13*8 

1 18-0 ■: 
1 17*0 1 

184 

151 

153 

21-4 

20-6 

20-0 

i 

0-269 1 
0-325 1 
0-300; 

i 

17- 0 
19-4 

18- 5 

C. 22—1 . 

79 

23-8 

0-600 1 

22-3 

101 

i 23-1 

1 ,j 

0-396 

17-2 

184 

21-2 

0-314 

i 

'20-1 

L. 3 4/4(1) . 

„ (2) . 

„ (3) 

153 

102 

149 

23-5 
21-7 
.. 21-4 . 

! 

0-3851 
0-448: 
0-336 ! 

20-2 

20-8 

19-1 

! 197 

1 216 
155 

J 

! 21-4 ' 
21 • 2 
22-1 

' 0*221 1 
0-256 
0-276 

, 14-5 i 
1 17*7 
15-0 

173 

1 ,207 

^ 203 

18-4 

20-7 

20-7 

0-339 : 

0-287 

0-220 

24-2 

20-0 

15-2, 

6142 . . . 

150 

20*6 

i 

0*325, 

.1 

19-4 

! 

121 ; 

. ■! 

' 24*3 ' 

^ . ■ 1 

0-500 

22-6 ' 

1 94 

21-4 

’ 0-437 : 

19-7 

Mean (arboremn) . j 


22-7 

■ !' . . 

i 21-1 

1 


I 

22-0 1 

i 17-1 


20-6 

,, 19-3^ 


than the chalazal^ The riglrt side is ^so 

seen to exhibit smaller variability than the other 
two regions as was found with the hirsutum cottons. 

The extent of variability appears to be greater 
among the rain-fed cottons than among the irri- 
gated ones. ; / ' . 4 . 

It will be seen from the foregoing that (1) in most 
cases, the diameter is greater at the micropylar end, 
less at the right side and still less at the chalazal 


is 


end, (2) the coefficient of ^ _ 

at the right side than at the other two regions, (3) 
the variability appears to be greater in the ram- 
grown md)OTeum. cottons than in the Irngatea 
Mmituni ones. It, therefore, toliows that foi com- 
parative purposes the fibres from one region slionld 
be examined in all eases. It is suggested' that this 
region should be the right side of the seed on ac- 
count of the middle value it gives, the smaller 
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coefficient of Yaristioii H possesses and the smaller 
percentage of immature fibres present in this 
region as compared \idth the chalazal end. About 
200 fibres from this region would give a fairly accu- 
rate value of the nncoUapsed diameter. The value 
obtained by this method, however, may not neces- 
sarily be the same as that obtained from a tuft of 
fibres representative of the whole sample of lint. 
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DESIGN OF A SIMPLE QUAE.TZ MICRO-BALANOE 

C. Nanjundayya, M. Sc. an,d Nazib Ahmad, O.B.E., Ph. D. (Cantak), F. Inst, 
Technological Laboratory, Indian Central Cotton Committee, Bombay 

(Received for publication on 22 tTiiiie 1943) 

(With one text-figure) 


Rbseaeoh workers on textiles are often confronted 
witk the problem of weighing a small mass of ' 
fibres as rapidly and accurately as possible. Several 
types, of balances have been designed to give a 
high degree of accuracy and the object of this note 
is to describe a quartz balance of the Neriist [1002] 
type which can be constructed easily and in- 
expensively, which does not require a telescojie and 
which is capable of giving fairly high accuracy 
in weighing a small mass. Although the balance 
has primarily been designed for cotton research, 
it can be readily used in any type of micro-ana- 
lytical work. 

Description 

The balance which is shown in Fig. 1 consists 
of (1) a tripod stand, (2) a U-shaped brass frame 
carrying the quartz fibre and a glass capillary beam, 
and ( 3 ) the arm supporting a graduated quadrant. 

The tripod stand is mounted on three levelling 
screws BiBgBg, and supports a vertical pillar 
AjAg having a hole of about 3 cm. depth drilled 
at its upper end. The cross bar of the U-shaped 
brass frame C1C2C3, which measures about 16 cm. 
in length passes through the c^dindrloal rod D, 
which is slipped into the hole in the pillar and is fixed 
with the screw E. The upright Ci can be moved 
parallel to itself with the help of the screw F. 
The central pillar A^Ag also supports the arm 
G1G2 carrying a graduated quadrant HiH 2 which 
is pasted on a mirror J. The quadrant can either 
be rotated round or moved horizontally 

along it or it can be moved up or down by sliding 
the rod K^Kg in the socket Gq. Screws are pro- 
vided to fix it in any desired position. A plumb 
line M is provided to level the instrument. 

The quartz fibre N" has a diameter of about 45-50 
microns and is stretched between the two uprights 
Cl and C3. The capillary tube P1P2P3F4 which i 
serves both as the arm and the pointer, having ^ 
a diameter of 0 * 5 - 0 *6 mm. is attached to ^ 
the quartz fibre vdth the help of a small aluminium 
piece 0 which is a special feature of the instrument, 
and is shown separately in Fig. 1(a). It is made 
from an aluminium rod measuring about 
1*5 cm. in length and having a diameter of 
about 0*1 em. and weighing about 50 mg. 
The middle part of the rod is flattened out by fil- 
ing, while one ond is threaded to take a very 
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small nut R which may bf.'i mafle from fira^s or 
preferably aluminium. ' A narrow slot is cut into 
the flat portion near the upper cud. The capil- 
lary tube is provided with, a fine needle to serve 
as a pointer at one end P4 while at the other end 
Pj it is bent into a Y to carry the pan Q. It is 
then bent at right angles twieo near the middle, 
so that the two arms-PiPa ^^Rd P^P^ are .paralloJ, 
their lengths being approximately 15 cm. ancl. ^ 
20 cm. respectively, while the vertical part P^ .Pg is 
only about 0 *6 cm. long. The capillary tube 
is placed in the slot near the upper bend P^ so. that 
the short vertical part P. P^ rests against 
the flat part of the aluminium piece 0 and is fixed 
with a little sealing wax. 

Construction and OaImbration 

The quartz fibre N is cemented at both ends to 
the top surfaces of the uprights Cj and C3 with seal 
ing wax. It is advisable to use a heated .metal- 
lic blade with a wooden handle to melt the wax 
on the uprights, instead of appyling the mild 
flame directly. In order to fix the capillary tube 
to the aiiiminium piece, 0 the latter is placed across 
a narrow slit, cut in a metallic or w^oodon sheet, 
which is itself held in a horizontal plane by a 
stand. Holding the capillary tube in position 
as explained above a drop of molten sealing wax 
is put on it so as to cement the two rigidly. In 
order to fix the aluminium piece 0. (carrying the 
capillary tube) to the quartz fibre it is' best to 
remove the U piece, C| C2 DC3., with the quartz 
fibre attached to it out of the tripod stand and 
hold it ill a retort stand in such a position 
that the centre of the quartz fibre rests on tlie flat 
part of the alumiiiium piece 0 just below the capil- 
lary bend P3 and the fibre is fixed to the piece with 
sealing wax. Afterwards the frame with its 
attachments is gently removed and placed- on 
the tripod stand AjAo (Fig. 1), The quartz 
fibre is gently stretched by means of the screw 
F so that it is taut. A lightpaper pan Q 
weighing about 10 mg. is suspended from the 
V bend of the arm PiPa, while the other arm 
P3P4 is counterpois-ed by means of a small 
quantity of molten wax. The position of the 
quadrant, .is ■ adjusted so that the pointer 
moves ladiaUy over it. 
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. For all these ceMieiitiiig operations it m best to 
use a hot bar or a iiiicroflaBie. . 

The balance will be found suitable for weigliing 
np to half a ;iiiil].igrain with a sensitivit.y of about 
0 •0025 mg. If it is required to weigh np. to 4 mg, 
the sniall lint, R w^eighing about 140 mg.j should 'be 
gently screwed to the piece 0 when the sensitivity 
will be of the order of 0 *02 mg. The sensitiveness 
of a balance of tliis type can be altered, to some ex- 
tent, by altering the length of the capillary arm, 
but in doing so, care must be exercised to see that 
the fibre does not give way under the combined 
action of its iveight and the tension. It can also 
be altered to some extent by changing the length of 
the quartz fibre, biit if the fibre is made ver}^ long 
in order to increase the sensitiveness, the balance 
becomes unsteady owing to constant small vibra- 
tions. The sensitiveness can be altered to a very 
considerable extent by using quartz fibres of 
different diameters, as the torsional rigidity varies 
directly as the fourth power of the radius. If it 
is intended to increase the sensitiveness by using 
a finer fibre, the dimensions of the capillary tube, 
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the aluminium pieces 0, etc. will have to be modi- 
fied suitaldy so tliat the fibre can support their 
walght without snapping. 

The balance sliould be placed on a solid base 
and enclosed in. a suitable case to prevent vibra- 
tions due to draught. 

Calibration of the balance for the two ranges 
0”0*5mg., and 0-4 mg. is done, by using known 
standard weiglits. If weights of the intermediate 
values are not available small pieces of a non- 
riisti.ng .metallic wire of ii.nifor..m diameter may 
be used for this purpose. The observed 
differences may be plotted against the correspond- 
ing weights and the graph which should be check- 
ed from time to time may be used to read the 
weight of a small bunch of fibres, etc. 

Conclusions 

This balance was designed in the first instance 
for use with the Ahmad-lSranjtindayya Stapling 
Apparatus [Ahmad & Nanjunda3iya, 1936]. As 
such the small nut Pv should be gently screwed 
on the aluminium piece O as the range of the 



Pigs. 1. and 1(a) 


m 


Ylj DESIGN OF A, SIMPLE ,QTJAET 7 . ' ■MIORO^B ALA NOE 

balance is 0-4 nig- It can also be used for tlie 


I cleteriiiiimtioii of fibre weigiit- per incli of cotton, 
and for tliis piirpose the small nut E should be re- 
inoTed so as to increase the. sensitiveness to 0-0 -5 
ing- range. These are, however, only two of th.e 
^ many uses to which, a balance of this type may be 
% put. By making small changes in the shape or 
, I design of the boat Q used as a receptacle for the 
I object to be weighed, it may be used in any micro- 
I analytical work in which extremely small quantities 
: have to be weighed fei'rly quickly and accurately. 

The fact that quartz fibre possesses a high tensile 
strength and freedom from elastic fatigue, is 
not affected much by changes in temperature and 
humidity, and can be drawn out with a uniform 
diameter confers special advantages on a balance 
I of this type. The time required for the pointer 

a to come" to rest in each weigh ment is found to be 

of the order of 20-25 sec. It may be possible 
to reduce this time by using a damping device but 
as the time is not very large it was thought 
desirable to aim at simplicity of design and cons- 
i -fc ruction. The balance has been tried for some 

I time at the Technological Laboratory of the In- 

l! dian Central Cotton Committee and has been 

found to give consistent results in good agree- 
ment with those yielded by other sensitive ba- 
lances. This will be seen from Tables I and II 
given in the Appendix. Table I shows the results 
of weighing small tufts of cotton on a torsion 
balance having a range of 0-5 *0 mg. and the 
f balance described in this paper. Table II shows 
the results obtained for unit fibre-weight of five 
different cottons with the Quartz Micro-balance 
ordinarily used in this Laboratory having a range 
of 0-0 *6 mg. [Denham, 1924] and the new balance 
described in this paper. It will be seen that in 
both cases the agreement is remarkably good. 

It may be useful to indicate roughly the cost 
of construction of this balance. The cost of oon- 
I struction would depend upon several variable 
.r ;> factors, namely, ruling prices of materials, overhead 
& charges, etc. It is estimated that under the pre- 
f sent-day conditions the cost of construction would 
I be in the neighbourhood of Es. 100 only. This 
should be regarded as a very rough estimate. 
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Results obtained with a Torsion Balance ami the 
New Quartz Micre)- Balance mg-) 


To ft No, 

Weight in rog. 

Torsion 

Balance 

New Quartz 
Micro-Balance 

1 

O'fl" 

0'94 

2 

1-01 

l-OO 

3 

i*or> 

1*05 

4 

1-26 

1^26 

5 

1*25 

1*25 

6 ^ 

1*77 

1*82. 

7 

i-m 

1*94 

8 I 

1*96 

i ■ 1*95 

9 

2*04 

1 2*01 

10 

2-49 

1 .2*46 

11 i 

2- 60 ■■ 

i 2*62 

12 1 

* 2-95 

1 3*01 

13 1 

3*05 

i 3*06 

14 ! 

3 • 43 

3*51 

15 1 

3*77 

3*71 


Table IT 


Results obtained with the New Quartz Micro^BalaifWt 
and the one, ordimrly used in the Laboratori^, 
{DerJiam type, 0-0 * 5 mg-) 



[ Unit fibre - weight 1 0“^ gm , 

Cotton i 




Quartz Micro- 

New Quartz 


Balance 

Micro- ■ 


(Denham type) 

Balance 

1 

2*95 

2*86 

2 

4*05 

4*08 

3 

2*98 

2*98 

4 

3*97 

3*88 

5 

4*73 

■ 4*68 .. 


A STUDY OP SOIL HETEROGENEITY IN RELATION TO SIZE AND 
SHAPE OP PLOTS IN WHEAT PIELD AT RAYA (MUTTRA DISTRICT) 

By M. A. A. Ansaei, M.Sc., Economic Botanist to Government, United Provinces and 
G. K. Sant, M.A., B.Sc., Statistical Assistant 

(Keceived for publication on 12 March 1943) 

(With three text-figures) ^ 

T field experiments, soil heterogeneity is the {Hi) between adjacent lots, and attempts have 


If field experiments, soil heterogeneity is the 
major factor ■\Yhicli contributes towards a very 
lai’ge portion of variation. The work on the 
Hiiifbrmity trials done in India and abroad 
sho\Ys that the plot size and shape exercise a 
considerable infiueiice on the efficiency of the 
experiment and that usually there is an optimum 
plot size for a particnlar crop on a particular soil. 
In the United Provinces, although field experi- 
ments with randomized block and latin square 
patterns have been conducted since the year 
1933-34, no investigation has so far been made to 
determine optimum size and shape of plots for 
different crops, the size of plots employed being 
determined partly on the consideration of con- 
venience of agricultural operations and partly 
on the knowledge of the results of the uniformity 
trials conducted elsewdiere. The need for finding 
out a suitable plot size for various crops in the 
United Provmces has, therefore, long been felt. 
This paper deals with the results of the unifor- 
mity trials on wheat, conducted at Government 
Research Farm, Raya (Muttra District), during 
the rahi season of 1939-40. 

Liteeatubb 

A catalogue of uniformity trials has been 
recorded by Cochran [1937] and reviewed by 
Fairfield Smith [1938]. In India studies on the 
experimental errors in relation to size and shape 
of plots have been conducted on sugarcane by 
Sayer et ah [1936], Bose et ah [1939] and Yagholkar 
et ah [1940] ; on cotton by Hutchinson and Pause 
[1936] and Pause [1941] ; on rice by Bose et ah 
[1936] ; and on wheat by Krishna Iyer [1942]. 

Pbogedube 

The general method of studying the problem 
consists of dividing the field in small plots and 
calculating standard errors for plots of different 
size and shape by combinations. To eliminate 
the effect of soil heterogeneity, some workers 
have superimposed randomized block layout, 
wMe others have used latin square layout. 
The efficiency of the layout for a particular area 
depends upon the type of soil heterogeneity 
existing in the field and the method by which it is 
eliminated. In the present paper soil heteroge- 
neity has been eliminated by three methods, {^) 
between the rows, (ii) between the columns, and 


been made to study the intrinsic relation between 
the residual variation and the size and shape of 
plots. The first two methods of eliminating soil 
heterogeneity are similar to those of a latin square. 
The third method was first suggested by Papadakis 
[1937] and has been employed by Bartlett [1938] 
in recovering information from replicated field 
experiments with large blocks. The method 
consists of calculating fertility index for each plot 
as the mean of the four plots all round it. Taking 
the actual yield as y and the mean of the four 
plots as X, analysis of co- variance is worked out 
as usual. In the case of edge and corner plots, the 
means of three and two contiguous plots respec- 
tively were taken as the values of x. These 
three methods have been applied to the data from 
the uniformity trial of wheat 0 13 with a view to 
study soil heterogeneity in relation to size and 
shape of plots for field experiments on wheat at 
Raya. 

Matbbial 

I 

The trial was laid out in 1939-40 rahi at the 
Research Farm, Raya, which represents the soil 
and climatic conditions obtaining in the western 
U. P. Wheat C 13 variety was sown over an 
area of 180 ft. X 243 ft. with 324 rows on 
a field of average fertility. It had wheat during 
1938-39 rahi and was fallow during 1939-40 
kkarif. The seed was sown behind desi plough 
in rows 9 in. apart, the length of each row 
being 180 ft. The crop was irrigated twice during 
the season and other usual operations were 
carried out according to the practice at the farm. 
At the time of harvest 18 rows on both sides and 
10 ft. at the end of the field were discarded to 
eliminate border effects and an area of 160 ft. x 
216 ft. with 288 rows was harvested in small units, 
each being 2 ft. 3 in. broad with three rows 20 ft. 
long. Thus there ware 96 units across the rows 
and eight units along the rows. The total number 
of unit plots thus obtained was 768. The yield of 
grain for each unit plot was weighed and recorded 
separately and is given in the appendix. 

Statistical analysis 

The 768 units of plots were grouped to give 
plots of 3 rows, 6 rows, 9 rows, 12 rows, 18 rows, 
24 rows, and 36 rows wide and 20 ft., 40 ft, and 
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80 ft, long. The side along the wheat , rows was 
treated "as length, and that across the.imvs as 
breadth irrespective of magnitude. The .data 
was analysed by Fisher's, analysis of variance. 

I ' Systematic soil variation along the rows and 
columns w^as eliminated and standard errors for 
plots of different size and shape "vvere calculated 
from the residual mean square. The results are 
given in Table I (a). 

Table I 

Standard trror per plot in per cent of the mean for 
plots of different size and shape 


2 ft. 

4 ft. 

6 ft. 

9 ft. 

13 ft. 

18 ft. 27 ft 

Sin. 

Sin. 

9 In. 
(9 

(12 

Sin. 

(24 (36 

<3 

(6 

rows) 

(18 

rows) rows) 

rows) 

rows) 

row’s) 

1 

rows) 



(a) Before eliminating variation due to correlation between adjacent 


20 ft. 

21-8 

17*8 

16-2 

14*0 

11*9 

10*2 

8*6 

40 ft. 

19-5 

16*0 

13*6 

12*4 

11*1 

8*9 

I 

7*8 

80 ft. 

[ 18-7 

15*6 

1 13*6 

12*0 

11*0 

i 8*7 j 

7*2 


20 ft. • • 1 

12*4 

2 

11*1 

olots 

9-9 

9*0 

1 7*9 

6*7 

6*8 

40 ft. 

11*6 

; 10*5 

8*7 

7*8 

6*7 

6*7 

5*2 

80 ft. 

11*4 

j 9*4 

7*6 

6*8 

5*4 

4*4 

2*6 


■ The standard error is for the. smallest 

plot (2 ft. 3 in. X 2o ft.) aisd d'^cn.ases giu^liiaJIy 
when both the length and breadth of the plot are 
increased. Table I (b) shows the stairiard errors 
for plots of different size and shape, aftei* furth«‘r 
eliminating variations due to eorrelatioji of ad- 
jacent plots by Papa<lakis' method. Theiv is an 
appreciable reduction iii the standai^d errors tine to 
adjustment by the fertility nrlice.^ for all plot 
sizes. Comparing the standard errors for plots 
of different size, It is seen that cwrors docr*easo^ with 
increased plot size. Fig. ! sin.) ws tlit‘ relatifm 
between the average standard erroi* atid. the 
plot size. 

When the plot size is increase from 45 to 270 
sq. ft. there is a steep fall in the standard error 
but by further increase beyoixd 360 sq. ft., the 
fall becomes gradual. This shows tliat the plot 
size for field experiments with wheat should ha 
. between 270 and 360 sq. ft. Iyer ^ [1942] while 
studying the data of uniformity trial on wheat at 
Karnal has feund 400 sq. ft. as the optimum size 
of plot for field experiments with wheat. Com- 
paring standard errors for plots of different sliape 
[Table I {a) and {/>)] it is <ibserved that long, 
narrow plots are not less variable tlian br<3ad plots 
of the same size. This finding differs from those 
of other workers. , 



before elimination by fertility indices 
after elimination by fertility indices 








5 1S5 Zio 

180 


Area per plot in sq. ft. 

Fia. 1 Vanability in relation to size of plots 


Table II shows the percentage efficiencies 
(100 X variance before adjustment/variance after 
adjustment) of adjustment by the fertility indices 
for plots of different size. It is interesting to note 
that efficiency is above 200 for ail plot sizes. This 
shows that Papadaki’s method is useful in further 


reducing error variance and thus increasing the 
precision of the experiment. According to Papa- 
dakis [1937] the reduction in the error is most 
marked when the plots are long and narrow. 
This is corroborated by the data presented in 
Table IL 
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Table II 

Percentage efficiencies of adffistment by the fertility 
indicss for 'plots of different size and shape 


Breadth 


Leiglli 

2 ft, 

5 In. 

4 ft. 

6 In, 

Oft, 

9 in. 

Oft. 

13 ft. 
6 in. 

18 ft. 

27 ft. 

20 ft. 

310 

262 

238 

241 

224 

234 

218 

40 ft. 

281 

232 

246 

254 

272 

242 

223 

80 ft. ■ . 

270 

275 j 

319 

308 

418 

390 1 

754 


Fig. 2 shows the relation between average effi- 
eieiicy and plot size. When the plot size is 
increased from 45 to 135 sq. ft., the efficiency 
falls rapidly. From 135 to 270 sq. ft. it is prac- 


[Xlll 

"tically the same, but by further increasing the plot 
size beyond 270 sq. ft., the efficiency rapidly rises. 
This implies that while Papadakis’ method is 
efficient for designs with plot size of 45 sq. ft., ^ 
it is still more efficient for plots of 1080 sq. ft.'/ ’ 
and above. / ' 

Discussion and conclusion 

A study of standard errors from the residual ; 
variance, after variation due to all known cojxx- 
ponents are eliminated, for plots of different ; 
size and shape is useful in determining | 
the optimum size and shape of plots for field | 
experiments. In the present case three compo- f 
nents of soil heterogeneity have been eliminated, 

{i) rows, (ii) columns, and {Hi) correlation between f 
adjacent plots. | 



While rows represented on an average only 2 relation between variability and plot size after all 
per cent variation, columns represented 80 per known sources of variation are removed ; but 
cent of the total variation. Adjustment by the since the area is limited the increase in plot size 
fertility indices has further eliminated variation of results in the reduction in the number of repli- 
10 per cent. Thus a very large portion of soil cations which increases the variability. In order 
heterogeneity was observed between columns, to find out the relative efficiency of a plot size 
The contour fertility map (Fig. 3) shows that there corrected for the number of replications it is 
are stripes ofhigh and low fertility along the wheat necessary to take both the plot size and number 
rows. History of the field reveals no explanation of replications into consideration. This is done 
for this phenomenon, as an average field usually by calculating the relative efficiency of the plot 
found on the farm was selected for the trial. size as shown by Sayer et al. [1936] and is obtained 

From the study of standard errors it is observed by multiptying the variance per plot by the 
that the relative variability is diminished as the number of ultimate units, contributing to the 
plot size is increased. This shows the intrinsic total of that plot and taking the reciprocaL 
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Fig. 3 Fertility contour map from data of wheat uniformity trial at Baya 


Taking tliG efficiency of the sinallest plot as 100. 
the efficiencies of other plots are calculated. 
This is shown in Table III. 

Table III 

Relative efficiencies for plots of different size and 
shave 


It is seen that the sjuallest plot (21) ft. x 2 ft. 
3 in.) is the most efficient and effieieimy rapidly 
decreases as the plot siz(:t is increased. Here too, 
long' plots are not more efficient 'than the broad 
■plots of the same size. The rapid fall of efficiency 
with increased plot size suggests that the plot 
.size should be as small as could be inariaged con- 
veui(‘ntl>". In othf*r words, etlhleiiey could 
be ]>etl<*r attained by ineiN‘asing the number of 
replK'alioiis. From a study of the reiatitre vari- 
ability and efficiency, a plot size of 270 sq. it, 
seems to bo optimum for varietal trials at the 
farm. For agronomif; trials it may foe inereased 
to 360 s-q. fl. if necessary for convenience of 
agiicultural operations. In progeny row trials 
for breeding of new strains, due to liiuited quantity 
of seed, the plot size has necessarily to be small 
and efficiency^ could b(.‘ attained aft(‘r allowing 
sufficient number of rtq>ii cations. 

The relation betwi^eji efficirncy adjust isumt 
by fertility indices and plot siz<. is intt‘r.‘sting. 
Wiile a high eomlation between adjacent |)h>bs 
was observed for plot of ihe smallest sizte a still 
higher correlation was noticed for |)]f>ts of l;lie. 
biggest size. This shows that I^apa/lakis' nuuhod 
is more efficient for designs with sniail plot size or 
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with very big plot size. This finding is of -great ■ 
use ill further reducing the experimental errDr 
and thereby increasing the precision of the field 
experiments* At this place, however, it is neces- 
sary to point out the theoretical limitations 
of Papad aids’ method arising by the double use 
of each plot yield for x and y in the analysis of 
covariance. Bartlett [1938] investigated the ap- 
plicability of this method from theoretical point 
of view and concluded that where the number of 
plots j)er block is large, the method should be 
approximately valid. The results obtained by 
Papadakis’ method in the present investigation 
are, however, subject to this iimitation. 

' " SUMMABY , 

The data of uniformity trial with wheat C 13 
conducted during 1939-40 rabt at the Cotton 
Research Farm, Raya, was studied with a view 
to determine optimum size and shape of plots 
for field experiments with wheat. The utility 
of Papadakis’ method of adjustment by the 
fertility indices was also investigated in relation 
to plots of different size. The following conclu- 
sions are drawn : 

(1) Considering the standard errors and relative 
efficiencies, a plot size of 270 sq. ft. has been 
found to be optimum for wheat varietal trials. 
This may be increased up to 360 sq. ft. fur agrono- 
mical trials, if necessary. For progeny row trials, 
efficiency of the small plots could be maintained 
after allomng sufficient replications. 

(2) Long plots have no advantage over broad 
plots of the same size. 

(3) Papadakis’ method was found to be useful 
in further increasing the efficiency, particularly for 
plots of very small size and of very big size. "The 
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limitations to the applicability of . this method 
have been pointed out. 

Acknowledgement 

The authors are grateful to Mr K. Kishen, 
Statistician, department of Agriculture, United 
Provinces, and Dr V, 6. Panse, Statistician, 
Institute of Plant Industry, Indore, for having 
taken the trouble of going through the manus- 
cript and giving some very useful suggestions. 
Our thanks are also due to Mr K. ISTain Kausal, 
for the laborious computation involved in this 
investigation and for the preparation of the text- 
figures. 

REFERENCES 

Bose, S. S., Gaagiili, P. M. and Mahalanobis, P. G. (1936). 
The frequency distribution of plot yields and the 
optimum size of plots in a uniformity trial with rice in 
Assam. Indian J. agric. Sci. 6, 1107 
Bose, S. S., Klianna, K. L. and Mahalanobis, P. C. (1939). 
Note on the optimum shape and size of plots for sugar- 
cane experiments in Bihar, Indian J, agric. Sci. 9, 807 
Bartlett, M. S. (1938). J. agric. Sci. 28, 418 
Cochran, W. G. (1937). Stippl. to J. Roy. Stat. Soc. 4, 233 
Hutchinson, J. B. and Panse, V. G. (1935). Studies in the 
technique of field experiments, I. Indian, J. agric. Sci. 5, 
523 

Krishna Iyer, P. V. (1942). Studies with wheat uniformity 
trial data. Indian J. agric. Sci. 12, 240 
Papadakis, J. S. (1937). Bull. Inst. Amel. Plantes a 
Salonique No. 23 

Pamse, V. G. (1941). Studies in the technique of field 
experiments, V. Indian J. agric. Sci. 11, 850 
Sayer, W., Vaidyanathan, M. and Iyer, S. S. (1936). Ideal 
size and shape of sugarcane experimental plots based 
upon tonnage experiments with Co 205 and Co 213 
conducted in Pusa. Indian J. agric. Sci. 6, 684 
Smith, H. Fairfield( 1038). J. agric. Sci. I 
Vagholkar, B. P., Apte, V. N. and Iyer, S. S. (1940), A 
study of plot size and shape technique for field experi- 
ments on sugarcane. Indian J, agric. Sci. 10, 388 


657 THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE [XIII VI] STUDY OF SOIL HETBBOGENEITy OF PLOTS IN WHEAT FIELD 

APPENDIX 


UniforjnMy trial with wheat CIS at the Oovern ment Research Farm at Raya {District Muttra) during 1939-40 Rsbhi 

(Yield of grain per plot— nnit J oz,) 



60 60 58 39 37 45 27 34 25 41 47 28 40 30 57 49 39 30 29 70 32 68 61 38 33 48 52 48 48 37 36 30 31. 20 32 35 40 34 43 45 33 50 64 42 50 67 72 38 68 72 40 39 38 44 24 28 40 33 32 28 30 41 34 39 53 49 45 43 76 55 60 56 74 26 31 38 38 33 32 34 34 26 22 22 31 35 45 55 32 57 31 40 28 42 37 4d 


78 68 4$ 40 31 46 27 26 

94 54 37 48 40 48 26 28 

77 55 4E 40 41 49 33 30 

55 33 34 43 35 35 26 24 

46 33 49 45 46 34 37 33 

68 38 61 43 37 41 26 26 

37 18 41 31 31 53 41 39 


29 32 37 2S 33 30 62 43 

33 28 53 32 34 24 58 50 

36 27 40 33 34 34 60 49 

35 45 30 38 34 31 41 37 

30 46 28 36 26 34 46 32 

36 40 32 41 29 33 48 38 

43 44 33 30 34 30 32 25 


40 32 32 72 70 48 66 39 

38 35 34 78 76 70 79 44 

41 37 33 82 73 66 78 40 

43 31 70 84 82 84 94 34 

34 30 88 101 78 69 81 40 

35 38 82 86 69 64 ' 78 38 

33 13 82 70 72 44 73 25 


40 42 48 67 46 32 43 26 

41 46 35 45 43 29 30 23 

43 54 60 52 45 30 31 24 

38 51 67 29 52 20 40 25 

60 66 64 40 52 29 36 28 

36 46 59 39 44 39 28 28 

32 44 52 42 57 40 38 42 


30 20 26 34 34 35 36 38 

24 24 28 28 33 36 43 26 

31 29 38 32 46 35 34 28 

23 40 32 38 30 22 37 23 

21 32 31 31 31 35 40 33 

32 36 40 35 30 28 25 26 

26 49 32 37 21 25 32 25 


16 64 50 40 41 50 76 40 

16 90 75 64 70 61 50 48 

19 84 63 73 57 72 51 66 

17 90 89 64 67 71 68 47 

23 77 87 76 60 73 54 72 

21 80 66 77 70 61 52 5<S 

12 76 86 72 60 59 52 40 


80 58 32 30 40 34 30 25 

54 44 21 32 39 28 23 40 

67 67 35 39 51 38 24 40 

52 62 42 28 41 38 37 32 

66 47 26 35 33 38 29 31 

58 52 28 33 44 29 25 29 

59 46 29 28 30 39 26 25 


27 35 36 23 28 36 38 38 44 36 42 48 73 64 51 65 60 24 30 44 38 33 36 36 40 26 28 31 27 36 43 44 71 90 24 46 33 44 34 38 


32 33 48 20 25 43 36 35 61 43 

29 24 40 23 31 43 43 38 62 72 

40 34 32 18 41 35 46 78 75 66 

40 87 37 20 40 48 42 76 60 61 

32 25 29 26 46 76 58 76 54 54 

30 29 29 12 26 44 37 SI 74 75 


46 50 57 51 52 49 46 24 28 24 

59 65 7S 94 41 42 56 26 ' 25 29 

55 56 63 57 48 42 30 30 36 37 

58 6o 66 68 66 56 27 35 39 28 

60 74 46 48 73 64 30 29 23 33 

87 90 58 48 62 60 38 41 40 36 


33 

33 

33 

30 

36 

24 

30 

85 

82 

88 

24 

46 

44 

37 

32 

24 

88 

28 

32 

40 

38 

36 

30 

33 

24 

54 

50 

48 

46 

48 

36 

36 

40 

46 

34 

42 

34 

30 

33 

34 

40 

31 

24 

2S 

26 

47 

26 

34 

32 

33 

39 

32 

38 

31 

24 

82 

40 

32 

37 

36 


69 53 86 S2 30 43 32 34 36 49 

63 60 73 81 30 36 32 40 40 44 

58 73 54 76 31 46 4.0 38 43 47 

55 66 58 91 34 56 41 44 38 42 

64 82 50 84 35 55 29 36 24 39 
86 111 78 72 36 65 3S 44 37 46 
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'Eiitoiiioiogisfc, 


I 



f A voluminous general report on the organization an optiimiiu amount of moisture^ in tiie soil 
and the results of the locust investigations carried . This, under natura,! fioiiditifUis, is depeuahuu mi re- 
out in India in 1931-1938, under the auspices of (|uisite rainfall, and as ap[Kircnil\' tlic ma.^s- 
the Imperial Council of Agricultural Research, multiplication of the lociist- dt'pfuuls oii opti- 

was officially submitted to the Council by Rao mum conditions of raiuiaii, it uas consiiha'ed 

Bahadur Y. Ramchandra Rao in 1941, but its desirable to measure the poteruialities uf 

publication has been postponed until after the increase possessed' by the iiista^t ]>y taring it 
war, - under confinement in cages in tin" actual liesert 

A copy of the rejmrt has been sent, by permission environment, but pruviding it with the optimum 
of the Council, to the Anti-Locust Research Centre amount of soil-moLsture, Pairs of locusts kept 
at the Imperial Institute of Entomology, for infer- in cages and providcai with fresh, luod and with 
mation, and it proved to contain a wealth of data wet sand at the bottom were found bre^eding satis- 

and of ideas, only some of which have been pub- factorily and piwiiicing a succession of giuierations, 

lished in various preliminary papers by its author although in nature in the neighbouring breeding 
and by his colleagues. In view of the great scienti- grounds, only a single geiieiTition was obsei‘va!>le. 

fic and practical value of the report, it appeared The results of breeding permit the following 

necessary to make at least its main findings avail- deductions to be made : 

able to other entomologists working on the subject, 1. During late spring and in summer, wdien 
and permission has been obtained from the author the average monthly ^ meaii temperatures vary 

and from the Imperial Council of Agricultural Re- from 28 to 30'^C., the periods of sex maturation, 

search for the publication of some sections of the egg incubation and hopper development are 

report. Only a few sections, selected and edited shortest, but in spring and autumn, when the 

by Dr B. P. TJvarov, are being published below, means range from about 22 to 26®C., they tend to 
and it should be stressed that their publication in be much longer, and in winter development is 

the abridged form does not in any way detract extremely slow. In summer, sex matiiratioii may 

from the value of the complete report, which, it .occur in 3 to' 4 weeks, eggs may hatch in about 
is hoped, will be published at the earliest opportu- 14 days and hopper development may be complet- 

nity for the benefit of all workers on the locust ed in about 31 days. 

problem.] 2. In mid-summer, the iife-eyele, from ovi- 

Studies on the development position by the parent generation to egg-laying by 

the ■ progeny, may be completed in about two 
Maximum number of successive generations possibU months and a half, but since it is much longer in 
_ inayear spring, autumn and winter, it is not possible to 

Husain and Ahmad [1936] have proved that more than three successive generations dur- 

there is no diapause in the Desert Locust, Schisto- p^gni the total time taken for 

cerca gregana Porsk., in any stage of its develop- t^e four successive broods was about 14 months, 
ment and that as many as eight successive genera- the utmost, one might have seven generations 
tions may be obtained within a year at a constant course of two years. 

temperature of 40*^0., about seven generations at g At Pasni, there is usually only one brood 
36^0., and five at 30°C. Under natural conditions, jjj year in the spring months, and as summer 
however, there is always a considerable fiuctuation, period of drought, there is no breeding then, 

of temperatures, diurnal as well as seasonal, so On the other hand, Ambagh and Chachro Ml \vith- 
that the duratiGn of a brood would naturally zone of summer rainfall and breeding occurs 

vary in accordance with the prevailing tempera- only in summer, and there is no breeding in winter 
tures. In nature, the main factor in the breeding and spring, which are periodvS of drought. Usually, 
of the locust would appear to be the presence of locusts tend to leave areas of drought and migrate 

*Beprinted from the BtmnETm ov ENTOMOtooicAU Rb- elsewhere. However, whenever there is good 
SEABCH, Vol. 33f Part 3, December^ 1942 rainfall HI Slimmer at Pasni breeding maj- take 
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place tlierc^. MoreoTer, in, years of heavy rainfall 
}'oung hoppers werc^ ])eing met with at Pasni in 
eei'taiii special areas from June to Se|)tember, 
although none were noticed on the general reJc^ 
(sand flirne) a,rcas aftej’ Aiay. On investigation, 
tills was foinid to be due to egg-laying in wet 
patclies of sand laid ba]*(‘ liy the heavy south-Avest 
wind, lliis AV’onld indicate that breeding ma^y 
under thesf‘ sj)edal conditions, continue in these 
areas in spite of the absenoe of rainfall. Simi- 
larly at Ainbagh, light breeding was noted in 
spring in lOlJ) as a result of exceptionally heavy 
rainfall, thoiigli usually no breeding occurs there 
in spring. 

4. Although there is usii ally little possibility of 
there being more than a single generation at places 
like Pasni and Ambagh in an ordinary year, the 
powers of inigration possessed by locusts enable 
them to reach places Avhere they may be able to lay 
eggs immediately. Hew adults emerging in April 
on" the coastal relcs may reach the interior valleys 
of Mekran and start a new brood in Alay, and 
adults of this neAV generation appearing by the 
end of June, may migrate to the Rajputana desert 
In July and may lay eggs during the month. 
Adults* of this generation appearing in September 
may, niider favourable circumstances, start a 
new brood by the end of the month. Theoreti- 
cally, therefore, them is the possibility of four 
successive generations folloAving one another in 
the course of the year, though ordinarily not more 
than three broods can be expected. 


The length of the inmhation period wider se^ni- 

natural conditions correlated tvith soil temperature 

Eggs are deposited in fairly soft sandy or loamy 
soils, generally at a depth of about 4 in., and 
their cleveiopment is dependent on the existence 
of optimum conditions of soil-moisture and soil 
temperature at that depth. Under natural condi- 
tions in the desert, the requisite moisture condi- 
tions are obtainable only for 3 to 4 weeks after good 
rainfall, and usuall3^ the locust lays its eggs only 
when the soil-moistm*e conditions am satisfactory. 
On the other hand, conditions of soil temperature 
are afiected not oidy by the diurnal and seasonal 
fluctuations of atmospheric temperatures, but also 
by tiie inteJisity of solar radiation. 

In the course of breeding experiments under- 
taken at Pasni, the actual times of egg-laying and 
hatching wore noted in a large number of cases 
and correlated wdth the average mean temperature 
of moist sajidy soil at 4 in. depth observed in 
cages during the development. Although the 
correlations cannot be claimed to be accurate, the 
results (Table 1} may ghm an approximate idea of 
the length of the incubation period that may be 
expected under particular tyjxvs of seasonal condi- 
tions in nature. 


Table I 

Incubation period in relation to soil temperature at 
4 in . , depth, showing the difference in values for 
each ^iee of a degree Centigrade, Compiled 
from data for the years 1932 to 1937 



Soil 

teniperutiirc 

i I[ieui);tfcion pnriod in rl 

i 

4ys 

No. or 
records 

of moist s;ni( 
at 4 in. 
depth "C. 

1 

j Individual records 

1 

Averages 

2 

19 

1 73, 70 

71-5 

1 

20 

1 48 

48 

1 

21 

37 

37 

6 

22 

37, 36, 34, 36, 32, 29 

34 

3 

23 

28,29,29-5 

28*8 

7 

24 

27, 27, 26, 29-5, 27, 25, 27 

26*9 

3 

25 

25, 24, 25 

24-7 

11 

26 

25, 25, 24, 22. 26, 26, 25, 22, 23, 
28, 25 

24-6 

19 

27 

23, 20, 21, 23, 21, 20, 23, 25, 22, 
23, 24, 24, 21, 24, 20, 21, 20, 
20, 20 

21-S 

9 

28 1 

18, 19, 22, 22, 19, 19, 19, 18, 19 

19*4 

11 

29 

20, 19, 19, 16, 17, 18, 17, 18, 19, 
18, 19 

18-2 

12 

30 

16-5, 14*5, 14, 17, 17, 17, 17, 
16, 17, 17, 17, 16 

16-3 

24 

31 

1 

16, 15-5, 15, 14, 16, 16, 13, 16, 
15, 18, 15, 16, 16, 17, 16, 14, 
17, 16, 14, 15, 14, 15, 14, 15 

16-4 

13 

32 

15, 15, 16, 16, 13, 15, 15, 14, 15, 
15, 15, 14, 14 

14-7 

14 

33 

16, 15, 14, 14, 16, 14, 14, 12, 14, 
15, 15, 14, 14, 15 

14*4 

1 " 

34 

13 1 13 


The length of the post- embryonic period under semi- 
natural cond%tio7is, correlated ivith average at- 
mospheric temperatures 

Table II sliows the correlation betAveen the aver- 
age daily mean temperature and the length of the 
hopper period. 

The results show that the shortest period re- 
corded is 32 da^^s at an average mean of 31^0., 
while at an aA^-erage of 20°0., the duration is as 


high as 85 days. 


Food and sexual w/M'iiration 

Eodenheimer [1932] made the suggestion that 


fresh succulent Au:^getation gfxnving aft(u; raintali 
may exert a powerful influence in quickening the 
sex maturation of locusts. In order to test this, 
Dr K. R. Karandikar eonfined pairs of locusts of 
known age in oAd.position cages and fed them on 
fresh shoots of marrand {Heliotropium undulatum). 
Although the sand at the bottom of the cages had 
been, kept quite dry, the locusts attained maturity 
in about tAvo months and dropped their eggs on 
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tiie surface of dry sand. At tliat season, there 
was no fresh niarrand anywliere on the Fcasiii 
reks on account of the drou.uht nor were any 
mature kxuLsts met with in the area. 

Tabi^e II 

The correlatifm between the h)njiit of the post 
embryonic period and mam atmospheric tempe- 
rature, Compiled: from data of .1 

Mnioium duration of post-emljryouic dovelopmont 
(in days) 


•c 

1933 

!■ ! 

!• 1934 ' , 1935 

1 i 

Averages 

' 20'’ ,1 ' ■ 

j 85 J 

85 

21® j S3 

i ■; ■ ' ' ■ 

83 

22“ 1 


23® j 

54 i ... 54 

24® 1 44 

64 i ... . ' 49 

25® 

41, 40 

i-lS, i2, 39, 

i 

40 

26® 1 35, 36 

1 30, 

36 

27®' 1 34, 36 

39' 1 

36 

28* 1 

' ... ; 37. 

37 

29® 

1 38 1 

38 

30® 1 34 1 

36, 34, 84 ... ! 

34 

31®' , 32 „ 1 j 

■ 32 


Table III 


Ejfects of food on sexual maMration 


Plant 

Yellowing 

of 

wings 
in days 

First 

oviposition 
in days 

! Number 

1 of ■ 

egg-pods 

EUotr opium undulatum, fresh 

13-~.25 

33—79 

2— 4-4 

Ditto, old . i 

17—25 

43—90 

0—3 

JoioaH (Sorghum) . . 

13—86 

28—72 

2—5 

•Ditto, seedlings 

7—20 

25—37 

3—5*3 

Ma'ize 

13—10 

84—64 

1*7— 3*7 

Seriaostoma paudflorumt fresh . 

j 12—25 

33—76 1 

1—4 

'Ditto, old . ■ . . , . 

1 13—10 

39—67 1 

1—3 ■ 

Aerm tomentosa , . 

1.5— 41 

37—104 

■ 0—4 ■ 

Cy perns arenamis 

1 21—08 

38—100 1 

0—2 

Mixed plants . 

r" 21 

57, 

1*8 

'Cabbage.. ' . , , ', . . 

i s 

24 ■ 

6 

Indigoferacordyolm . 

l—Ty— 

37 

1 

Tribulus terrestris . 

11 

30 

2 


On the basis of these results, further experi- 
ments were undertaken. These experiments in- 
cluded (1) the use of fresh shoots of niarrand as 
against shoots of old or semi-dry marrand, (2) 
old marrand shoot^s wetted to countor-baianca the 
deficiency of water- content, (3) old marrand kept 


in a moist atmosjfliero, and (4) fresh shoots of 
.other food-plants. Subsequent ie\periiiu)rits were 
restricted to cDO!|)arati\’e tests of fre<li and old 
marrand, of fresh and <dd kharzaii (Sericostoma 
pameiflorimt) ii-nd to tost.s of other lmf.io,rtaiit ffiod- 
piants. In tlieso experiments, tins afqata ranee 
of the ye.!!o'w tinge of the hind W'iiigs lias fierui 
taken as the first landmark in sffx iik-iI unitioii, 
though the -final eriterioii, of course, wuiihl lie the 
date of .first owiposition. ■ 

The results given in 'Pahie III nra averages, 
and the dMerenoes do iicd-, for that reason, appear 
in .many cases to be ver\' striking, biit the,y are 
markedly significant, e.g. in the ease of sliort 
duration of sox .maturation on, sorghum, maize and 
cabbage. 

The cireumstanco tliafc ee,rcal crops like sorghum 
and maize have been found to hasten the sex 
maturation of adult locusts is of slgrufieancc owing 
to the fact that hi all known ceases of outbreak 
centres found in the various parts of "I\Iekraii and 
Lasbela, sorghum crops are associated with, their 
formation. Not only have the hoppers been, 
found on and among such crops, but adult locusts 
have been observed concentrating in them for 
feeding and resting. Siniiiarly, in the Sind - Raj - 
puta.na desert areas, where bajri {Pennisekmi 
typhoideum) is the chief cereal crop, hoppers as 
well as adult locusts have bee.n found congregat.mg' 
among the crops. In the absence of cnftivatioii,' 
wild plants li.ke marrand, kfaarzan, Indigoferfir 
mrdifolm and Tribulus^ all of 'which are preferred 
food-plant.s, proved by tliese experiments to }'.iave 
a stimulating effect o,n the laaturatioii of the locust, 
may similarly induce outbreak centres to form, in 
those places ivhere they occur in masses. 

Food ami the rapidity of growth of hoppers 

Freshly hatched hoppers were reared individually 
and in batches on (lilferont wild an<l cuitivuitod 
food -plants. 

The results showed tiiai the ibod-plant.s experi- 
mented with may be placed in the following order in 
regard to their effect on tiic devclopaiontal 
period of hoppers during the hotter months: 

Koihrabi cabl)age (31 days) ; sorghum seedlings 
ilndigof era eordlfolia (36) ; Trihuhis ter rest- 
m-.(37)-; (Jonoolwulm plearimlUs (38*7); fresh 
Heliotropium nndiilaiiim (40) : fresh i^ericosloma 
pmmfiof tmi {4kl) ; maize seedlings (41) ; Urokdarm 
burhia (44*5) ; Aenia javanica (45 * 6). 

General observations on food ami develop mmt 

Although the experiments carried out Avere not 
exhaustive, they .have given . fair.iy definite indi- 
cations as to the importance of the quality of food 
in causing an aceclcratiun of the sexual maturation 
of young adults and of the growth of the hoppers 
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Since it is now generally conceded that the davelop- 
nient of an outbreak centre is almost always due 
to the rapid development of two generations in 
quick succession, any factor that might contribute 
to the speeding up of the breeding would be of the 
utmost importance in this connection, and there is 
little doubt that the presence of food-plants 
capable of stiniulating the rapid growth of hoppers 
and of hastening the maturity of young adults 
would play an important part in the causation of 
incipient swarming. 

Kennedy [1939] was not inclined to allocate to 
the food factor anything but a subsidiary role. 
While conceding that growth-stimulating foods 
such as Heliotropimrb undulatum might accelerate 
‘ Eeal Concentration since the more mobile 
later instars would thereby be reached sooner, 
and also that growth stimulation might assist 
in " Virtual Concentration ’ as a result of rapid 
breeding, he believed that this would only contri- 
bute to the fitting in of a second generation into a 
winter season. He further said (p. 444) that the 
effect of food on the rate of sexual maturation can 
only influence prospects of a second w’inter genera- 
tion and hence of ^ Virtual Concentration % bui 
would have no iafluence on concentration of the 
first winter generation. 

In the Mekran area of the Indian region, where 
spring breeding usually occurs, locusts are found 
over-wintering in the coastal areas and the earliest 
breeding also occurs there. As the spring ad- 
vances, locusts migrate into the interior valleys 
of Mekran from the coast and may breed there if 
conditions are favourable during the months of 
Aprfl, Ma^r and June. Adults of the new genera- 
tion begia to appear on the coastal areas early in 
April and usually migrate into the hinterland more 
or less immediately. As the interior of Mekran 
is mostly hilly and stony and patches of natural 
vegetation as well as of cultivation are restricted 
to loamy soils at the bottom of the valleys, migrat- 
ing locusts usually become concentrated on such 
patches (Real Concentration). Summer cultiva- ] 
tion there is mostly confined to the sorghum crop, j 
and various wild plants, such as species of i 
Astragalm, Trigonella^ Tephrosm, Tribulua, i 
Ohrozophora and Heliotropium^ as well as the ^ 
Camel-thorn, Alhagi camelorum^ all of which are j 
plants relished by locust adults and hoppers, are t 
generally commonly found near cultivation, r 
Locusts concentrated on the sorghum crop may a 
be expected to attain sexual maturity very early s 
and to lay eggs in the neighbourhood, and the v 
hoppers on hatching would find a fair amount of n 
powth-stimulating food. As temperatures in the a 
late sprmg ap fairly high, breeding would be rapid e: 
and conditions should apparently be quite 
favourable for the development of incipient s( 


swarms. Although no actual observations have 
been made on this point, several outbreak centres 
are known to have developed under such 
conditions in the interior of Mekran. 

As to the adults of the over-wintered brood, it 
is now fairly well established that the locusts found 
in the winter months in the Mekran coastal areas 
are mostly migrants from summer brood areas in 
the Siud-Rajputana desert. On the coastal mhs 
the vegetation is generally very much dried up at 
the end of autumn, but with the setting in of the 
moist western winds at the end of autumn, most 
of the perennial vegetation on the refo, such as 
Heliotropium undulatum and Sphaerocoma aucheri 
put forth fresh shoots in spite of the absence of 
rainfall, and tender shoots may be expected to 
stimulate sexual maturation even before the 
occurrence of the winter rains. On the other hand, 
with the commencement of rainfall, various annu- 
als spring up on the rehs and furnish food capable, 
of quickening sex matuiity among the over-win- 
tered adults, though there is not much likelihood 
of any concentration being caused under the condi- 
tions prevalent at this period on the coastal areas. 

In addition to the natural vegetation, young 
crops, such as wheat, barley and rape, raised in 
parts of Mekran would also provide food capable 
of stimulating maturity, in case locusts happen to 
be present in the neighbourhood. 

Effect of sunlight on the coloration of wings 


In recently fledged adult locusts, the hind- wings 
are always hyaline. In cold weather there may 
be no development of colour for a long time, but 
in summer a tinge of yellow usually makes its 
appearance within a week, signifying the onset of 
sex maturation and the deepening of yellow colotir 
is a positive indication that the insect is mature. 

In many specimens of locusts collected from 
nature, the occurrence of pink or mauve or light 
blue colour at the base of the wings was often 
noticed. Huriug the earlier years of the locust 
survey work the signidcance of this coloration 
was not recognized. It was not till the year 1 935, 
when definite proof of the migration of solitaires 
was first obtained, that the significance of the 
possession of distinct mauve or pink patches on 
the wings in connection with migration was first 
noted. Observations repeated during the summer 
and autumn migrations of 1936 and 1937 clearly 
showed that such a pink or mauve tinge in the 
wings- was, decidedly connected with active 
migration flight being presumably the effect of the 
action of solar radiation on the wings, while 
exposed„to the sun during flight. With the object 
of obtaining a confirmation of this conjecture, 
some experiments were devised. 
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A cage was set up in which some recently trans- 
formed locusts were introduced after hawing one, 
or both, elytra, removed. The cage was kept in 
the open, fully exposed to tlic^ sun, which was. verj^ 
bright .and hot. In the course .of a week or two, 
wings exposed 'to the sun had in ail cases acquired 
a pink colour, which, subsequently, gradually 
deepeiid into mauve. In the case of speciniens,. 
in which only the right elytra had been removed, . 
it was noticed that pink or mauve had appeared 
even in the left wing, although the colour was less 
intense. 

In other exporiments, Mr E. N. Batra re.moved 
the right elytron and painted the otlier elytron 
black so '.as to. prevent the sun’s rays from, infil- 
trating to the wing beneath, and found no trace of 
pink or mauve developing on them even at the end 
of a month, though there was colour development 
as usual on the exposed wing. When he painted 
both elytra black, the development of mauve or 
as pink had been com]defcely eliminated. When 
right forewings removed, with both elytra removed 
and with both elytra intact, were kept in boxes 
locusts, with the completely shut off from 
sunlight neither pink nor mauve made its appear- 
ance, though the yellow tinge characteristic of the 
onset of sex-maturity developed in due course. 

These experiments indicate that the appearance 
of light mauve or pink in wings, even in those 
cases where the forewings had not been removed, 
should have been due to the infiltration of sunlight 
through the fore-wings. 

On the whole, the experiments have fairly clearly 
proved that the development of pinlr, mauve or 
light blue at the base of the hind- wings is the result 
of exposure to sunlight. In nature, there is a great 
amount of variation in the type of colour, as well 
as in the depth of the tinge. Pink is common in 
the gregarious forms, and in 1935 many of the 
immigrants showed a pink colour not only on the 
hind-wings but also on their bodies. On the other 
hand, mauve is very common among the autumn 
migrants found in the Lasbela and Mekran areas 
during the months October to December. In 
some cases there is only a very light pale bluish 
suffusion at the base of the wing, and in other 
the mauve is well developed. In certain cases 
only the veins acquire a dark bluish colour, while 
there is no colour at the base. All these differences 
are probably due to the degree to which the wings 
have been exposed to sunlight during flight. In 
the summer months it is probable that migration 
takesplacein the evening or early part of themght 
while in the autumn months and in winter the 
nights are cold and movements probably occur dur- 
ing midday or early afternoon. In the latter case 
there are greater chances of exposure to sunlight 
and at this time, moreover, locusts love to bask 


in the 'sun, hence the deep mauve of tfie wing- 
bases and also the darker body colour. Since 
pink is associated to a greater extent with the 
gregaria forms and mauve tinge with mlitarm 
. individua.Is, an i,nvest.igatloii into tlie physiology 
of these colour developments may tlirow much light 
on their relationship with phase. 

BiometeicaIi .stt,jd,ies 
Biormiriml ratios 

The ratio B/F (elytron length over lii.rid femur 
length) was the one almost oxciiisirely adr)ptcd for 
studying the pofailat-loris found in (lifftTont areas. 
In view of the fr6que.nt cases where the tips of the 
elytra were broken, it was necessary to evolve 
a method of estimating their length. After 
various tests, the point where tlie anal (or vannal) 
area ends on the ])osterior margin of the elytron 
\?as found the most suitable for determining the 
position of the sper-imen on the Fi 'F scvale, since 
the length of the elytron up to the tip of the anal 
area was found to bear a definite relation to the 
length of the e?itire fore-wing. It is proposed to 
call this point the ' Va.nna} Af)ex ’ or ‘ Uannal 
Tip,’ and the new ratio, which is determined in 
exactly the same manner as the E;‘F ratio, the 
V/F ratio. 

Since the E/F a.nd tlie V/F ratios a, re both based 
on the length of fcaniir (F), the relationship be- 
tween the two ratios is the function of E/V. By 
'numerous measiirements it w'as found that tho 
function varies between I • 30 to I * 33 on the whole, 
and in the majority of eases it is bet’weeii 1*31 
and 1*32. If th.e V/F ratfio is determi.ned, E/F 
ratio would probably lie between V/Fxl*31 and 
V/Fxl-32. ■ 

In the course of making measurements of the 
various parts of the locust for the determination 
of the pronotai ratios, it w'as apparent that the 
width of the head was a fairly significant point for 
examination. A comparison of the heads of speci- 
mens of the phases solifaria and gregaria showed 
that w^hile there vrere clea'^differencesin width at the 
genal region of the face, there w^ere none in the 
region of the com pound eyes. Com paring t he fiichal 
contours of solifaria and gregaria, a distinct bulge 
is seen in the cheeks of the latter, whereas the 
ocular outline is not dissimilar. In the course of 
biometrical measurements, a new ratio—C/O, 
showing the relation between the maximum width 
of the face at the genai region (C) and the maxi- 
mum width at the ocular region (0), was w'orked 
out along with the other ratios (Table I\L) 

The genera] results of a biometrical examination 
of the mass of collections gathered in the course 
of locust surveys indicate that the whole material 
falls into a long series of forms showing a great 
variation of characters, with extreme solilaria 
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Table IJ 


Btf^njririral ratios hi different phases 


Eatio 

solitaria 

transiens 

gregaria 

e/e 

1-88—2 *05 

2*06—2*15 

2*16—2*34 

P/C 

1*617—1. *430 

1*462— 1*315 

1*. 387— 1*243 

M/0 

0*888—0*757 

0*887—0*722 | 

0*805—0*705 

H/0 

1*258—1*660 

1*224—1*071 

1*187—1*040 

0/0 

1*02— 1*08 

1*03—1*07 1 

1 

1*17—1*20 


and gregaria at either end, eoniiected bj an infinite 
gradation of intermediate forms. The Desert 
Locust, as a sj)ecies, may be likened to a mass of 
plastic material, whicli yields to the moulding 
action of its environment in varying degrees and 
in different wa.ys. In the extreme gregarm, sharp 
differences are noticeable from the solitaria forms, 
in various characters such as longer eljdra, shorter 
femora, a bulge in the cheeks, a depression in the 
crest of the pronotum, a shortening of the prozona 
and a constriction in the prothorax. In the 
intermediate forms, changes may be manifested 
in only one or two of these ch^^racters, and the 
transition from the solitaria to the gregaria does 
not oocur as a continuous gradation involving all 
the characters. Yariations in the different charac- 
ters do not appear to be linked together, but occur 
independently. A locust having a particular E/F 
ratio need not necessarily be in the same state of 
development from the point of view of the other 
ratios, although an extreme gregaria or extreme 
solitaria, may exhibit typical development of all 
the various characters. Since E/F has proved to 
be the most expressive and significant ratio, 
changes in the phase characters have been shown 
in most eases in terms of this ratio in working out 
the biontetrical facies of locust population in pre- 
ference tcythe others. 

Biometrical facies of locust populations 

General observations made in the course of 
locust surveys carried out during the years 1931-38 
have shown that locusts are being continuously 
affected by changes in the environment. There 
may occur as the residt of local breeding and multi- 
plication not only an increase in numbers, but 
also a change in the phase of the population, 
according to ifiie conditions of the breeding. A 
similar change in the composition of the population 
may take place in the event of an immigration 
from outside. In estimating the character of 
locust populations, careful biometrical examination 
of sample collections is necessary. If the results 
indicate a predominantly solitaria facies, the 
inference would be that there is no immediate 
danger of swarming ; on the other hand, if there 


[.XIIT. 

should l)e n fair proportion of gregaria, it may be 
taken a.s an Indiea.t'ioii of tendemaes for forming 
coiicenti-at'ions that may lead to Incipient swarm- 
ing if the eoiiditions are favourable. 

In c-ompaiing dilferent population.s, average 
biometric ratios may be. used, but they do not 
convey' any idea of the extent of variation in 
regard to phase development in the population. 

In some cases, the extent of variation is of greater 
significance than the mean ratio. For instance, 
the presence of a small percentage of individuals 
with high gregaria ratio among an otherwise mainly 
solitaria population is of particular importance, 
but it would be obscured by merely quoting the 
average ratio. The phase variation within a 
population could be best expressed by tabulating 
the actual number of individuals in gradations of 
E/F ratios of the value of 0*05 as done by Zolo- 
tarevsky [1938]. The frequency distribution of 
E/F ratios of similar value among the population 
can also be represented in graphs, as was done by 
Kennedy [1939]. In both cases the range and the 
size of variation is clearly indicated. 

In the present study, a different method of 
showing the constitution of field populations 
has been adopted. On the basis of a biometrical 
examination, the population is grouped under 3 
categories'.* solitaria, transiens and gregaria, accord- 
ing to the individual E/F ratios, and it is also 
further grouped according to the of eye- 

stripes possessed by the individuals, which may ^ 
be either 6 or 7 [Ramachandra Rao and Gupta, 
1939]. 

In regard to the phase characters, it has been 
found from an examination of specimens collected 
from flying swarms that the great majority possess 
E/F ratios 2*16-2*34. On the other hand, the great 
majority of the non-gregarious locusts have E/F 
ratios below 2*05, usually between 1*88-2*03. 
Though it is not possible to fix any rigid limit be- 
tween the phases in nature, an arbitrary division 
has been made for the purpose of classifying locust 
populations, under the following 3 categories : 

(1) solitaria 2*05 and below; (2) transiens 2*06 ^ 

to 2*15; and (3) gregaria 2*16 and above 
(Table lY). Murat [1939] in the course of a bio- 
metrical examination of Schistocerca in the Spanis h 
Sahara, found that gregaria ratios ranged from 2*16 
to 2*44 in females and from 2*17 to 2- 28 in males, 
while his ratios ranged from 1* 95 to 2*04. 

His results would appear to support our findings. 

On the basis of the number of individuals found 
under (1) the phase groups of solitaria {S) , transiens 
(T) Slink gregaria (G), and (2) under the eye-stripe 
groups, percentages are calculated, and the 
biometrical facies or index of the population is i 
shown as percentage of individuals with different 
phase and eye-stripe characters in the following 
formiila S : T : T G : : (6) : (7). This method 
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may be clalmcvd to iii(Iica.to at a glaiiec^ the at ate 
of developmeat of the po].)u]atIo]i at any parti- 
(*ular or place from the vje\v-]:)oint of phase, 
and has, moreover, b(:‘(‘n nscTnl in iTleiitifying, 
popnlutiong in different arcais an<] in tracing the 
movements of non -gregarious locuts. For example, 
the population found ()n th(‘ Mekran relcs in Jan- 
uary--— March 1935 hadMhe index : — 7f>S : 23T : 
IG : 34(f>) : 66(7), whereas in April — 

May 1935, the index was : — 02S : 29T : 90 : 
67(6) : 33(7). On the other hand, the facies of the 
locust |)opu]ation on the Mekran reks after the 
locust incursion in July was as follows : — 24S : 
35T : 416jf : : 88(6) : 12(7).' dlie decrease of the 
proportions ofsoliiarta ratios and 7-sti‘ipes and the 
increase of gfegar in ami 6-stripes between January 
and July was striking and suggested an inimigra- 
tiori from outside. Similarly, tlie taeies of the 
immioxant population in the Sind-Rajputanadesert 
in Juiy 1935 was 28S': 43T : 29G V: 92(6) : 8(7)., 
which, shows its af!i,nities witli the incursion 'po.piiila- 
tion of Mekran. On the other hand, the index of 
the new brood found in October-IXovernber 1935 
in the desert was 69S : 30T : IG : 29(0) : 71(7), 
indicating a reversal to soUtaria during the mon- 
soon breeding in the desert. The population found 
in the Lasbela area in December 1935 had the 
index : — 59S : 41T : OG : : 64(6) : 36(7), suggesting 
an affinity between the desert brood and the 
autumn immigrants in the Lasbela area. 

In working out the biometrical index, it is 
advisable to have as large a series of specimens 
as possible. In the course of the present studies, 
however, it has been found that even with as 
small a number as 20 or 25, fairly definite indica- 
tions of the main characters of a population can 
be obtained. 

Studies on the distribution of the solitary 

PHASE 

Preliminary surveys 

In 1930, at the time of the inauguration of the 
present scheme of Locust Research in India, there 
was no definite information available as- to the 
source of the periodical infestations to which India 
has been subject. Although the generally accept- 
ed view' -was that the initial swarms reached India 
from a western direction, there was no positive 
evidence to indicate either that they had been 
derived from outbreak areas situated 'within 
Baluchistan, or that they merely formed a link 
in the chain of breeding areas connecting India 
wdth Arabia and Africa. 

It was with the aim of detecting the presence of 
permanent or semi-permanent outbreak areas, 
if any, within Indian territory, that a vspeeial locust 
survey staff was appointed early in 1931, and 
stationed in Bixluchistan (with Quetta as head- 
quarters) in the first instance, as the province 


where siH'h hnniiimf gimiiHL-. wrri* ues'-f likily 
to be found. In I he coiirM* fif tin* !93K the 
survey staff examinefl 1liean*a,< cl’niagai, Lashelfi, 
Mekran and Kliaran l>etwe(ai February and .\lay. 

' In Septem]>ei\ a survey parly Iraversrd tia* desert 
. areas of Kharari Slap*. The* Mekran aiifl 
■ coastal areas were revisited in Sept e u i f *1*4 jrffibpr. 
In the' course ( J I he iblloviiig year, similar preli- 
ininary surveys were* carried out in the ixst ut' the 
d(*si*rt or stani-desert aretis of Xorlh-\u‘sl Indja, 
viz Km hlii, western Siiab Lasbela, eastern SimL 
♦Fhafawan, Keeh arul Koh\a, Lorafa!. tfie Dera 
Giia/i Khan and Bahav afpon* areas <14 f*uiijalu 
the Thar area <J Sflal. and varioii'^ ar<*a> of the 
Rajpui.ma desert. Purveys of SiFohi. Ralanfair 
Kadhanpnr a.nd FutelF States earrled rmt In the 
t*arl\ months of 1933 eompleted llu^ ]xogra)iime of 
su!\e\s <l(‘signed for obtaining a genera! knowledge* 
of th(* flistribiilion of tlie solitary phase, lomist 
within Indian limits. iJnrinv the years 1932- 1933, 
survey work was greally laeililafed by the pnnn’- 
sion of a one-an<l-a-half ton Ford im-<tor-vaii, whieh 
wus extei'isively umhI in earrying ont most of tfje 
tours mentioned above. In all Ifiose ]ilac*f‘s, 
however, where the motor-vxm could not be used, 
as in the interior of sandy deserts, journeys wc'fo 
performed on camels. 

These extensKo surveys am|)ly ser\*ed the pur- 
povse for 'which they were plaimerl. Thr* results 
.■obtained -.gave a general idea of the distrilmtion 
of the soUtaria locust population in the Indian 
area. It was, liowever, obvious tliat the records 
made in the- course of these surveys had reference 
only to the conditions prevailing at the time, and 
that further surveys, rej)eated at different |)arts 
of the year, -would be needed befo,re any inferences 
in regard to their funetloiilng as perinaiient reser- 
vations of the locust could be made. Moreover, 
in the course of survey work, a fluctuation of 
locust population wm actually found to have 
occurred in certain instances. 

Intensive regional surveys 

In the light of the e'xperieiice thus gathered, it 
became evident' that the type of surveys that were 
needed at this stage should 'be such as were calcu- 
lated to supply information on the exact effect 
of seasonal changes on the behavloui‘ and activities 
of the non-gregarious type of locust. Consequent- 
ly survey tours of the ext-ensive type were given 
up, and, from' June 1933, survey wmk was restrict- 
ed to the areas where solitary locusts were ob- 
served to be present, such as parts of Mekran, the 
Lasbela area and various areas of the Indian 
Desert. Since 1937, owing to the detection of 
very intensive breeding in KachM and in the hill 
valleys of - Baluchistan, these areas were also sub- 
jected to' regular periodical surveys. The areas 
of the habitat of the locust were divided into circles 
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and sub-cii*cles of conFeiiieiit size, wMcii were 
placed raider tiie cliarge of Assistants and Field- 
men , r€*spectively for purposes of surve}^- work. 
Witli the' experience gained after , a 3'-ear of inten- 
sive surveys, a re^giilar round of visits was plotted 
for each sub -circle and tours were arranged so 
that every area was visited once a month where 
possible (or at least once in two or three months, 
in particularly large or difficult areas), the staff 
being instructed to note down on the forms pro- 
vided the number of locust adults or hoppers 
found/ with particulars of the area covered, the 
condition of the environment and the state of 
activity of the insects. 

By 1938 the survey comprised five circles, each 
subdivided in 2-5 sub-circles, of which there were 
14 altogether. 

Intensive local surveys 

Though regional miveys of the type mentioned 
above have been of great value in giving a definite 
indication of the locust situation in the area con- 
cerned in diffei'ent seasons, they could not give a 
continuous picture of the happenings at particular 
places. In the course of survey work, the data 
collected indicated not only that there was a fluc- 
tuation in the density of locust population at parti- 
cular localities, but also that seasonal movements 
of the population were probably occurring. In 
order to obtain definite proof of such a phenome- 
non, intensive surveys were carried out in the neigh- 
bourhood of selected places throughout the year, 
commencing from 1934. 

Such continuous records of locust activities 
have been obtained at the following stations : 

1. Pasni : as a centre for the western relcs, in 
the region of winter rainfall (records from 1932). 

2. Ambagh : as a centre for the eastern areas of 
the Mekran coast, subject to summer rainfall 
(Horn 1933). 

3. Chachro : as a centre for the south-western 
parts of the Indian Desert (from 1934). 

4. Sardarshahr : as a centre for the north-eastern 
parts of the Desert (from 1934). 

5. Nokh : as a centre for the central parts of 
the Desert (from 1935). 

Method of estimating population density 

In the earlier years of the present scheme,' the 
number of locusts or hoppers observed or collected 
was noted down, as well as fairly detailed particu- 
lars of the areas examined. In certain cases, the 
surveyors gave rough estimates of the population 
density according to their lights, but they were not 
exactly comparable. 

It was not till 1935 that a general formula for 
working out the population density of locusts under 
Indian conditions was evolved. This formula has 
since been in use, with slight modifications, and 
has, on the whole, proved quite satisfactory. 
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In the course of the su.rveys, it has been observed 
that the solitary phase adults , generally rest on 
the ground in open patches between bushes and 
in most eases sit basking in the sun. This, is 
generally the case, while the sand surface tempera^ 
tures range roughly between 80''-i00°F, (about 
25°-37®0.). Wlieii the soil temperature rises above 
100°F. (37°C.), the locust either changes its place by 
flight or crawls into shade, usually under a bush, 
for shelter from the sun’s rays. On the other hand, 
when the soil surface temperature falls below 80®F. 
(about 25®C.), the locust is not very active, and 
sits basking in the sun as long as possible and ulti- 
mately retires for the night at the base of a bush. 
Therefore it is only within the range of 80^-1 00°F. 
surface soil temperature that the best results can 
be obtained in survey work. During summer 
months, the optimum time would be between 
8 A.M. and 11 a.m. and between 4 p.m. and 7 p.m., 
while in the winter months the best period would 
be between 10 a.m. and 3 p.m. 

When locusts are most active, they are very 
sensitive to the approach of men and rise up abrupt- 
ly from the ground or bush and fly out. Curiously 
enough, they do not seem to mind camels or cattle 
unless these approach very near to them. When, 
however, an observer walks along waving a stick 
right and left very few locusts wiU remain un- 
detected, within the range of 10 to 12 ft. on 
either side. A distance of 11 ft. has been fixed 
rather arbitrarily, as it is convenient for purposes | 
of % calculating fractions of a mile. The distance 
travelled by an observer during a survey can be 
determined either by his carrying a pedometer, or 
roughly by other means. Supposing, for example, 
a man had walked three miles and had found 10 
locusts, the area covered by him might be com- 
puted in square miles by multiplying 3 miles by 
22 ft., i.e. by 22/5280th of a mile ; thus, 10 
locusts were found in an area l/80th of a square 
mile, and the approximate density would be 800 
per square mile. If a survey party of 5 men had 
been walking at a distance of about 20 to 30 ft. ^ 
from each other, and had counted 20 locusts in 
3 miles, the population density might be worked 
out by first computing the total area surveyed by 
all the 5 men, viz. 5x22/5280x3 sq. miles, or 
1/16 square mile, and then calculating the density 
which would thus be 16x20, or 320 locusts per 
square mile. The general formula would be as 
follows: — 

L 

,, . LX5280 : 

22' . ; Mx22xD./''. ■■■ 

Mx5280xD 

P, being population density ; M, number of ob- 
servers ; D, distance in miles ; L, number of locusts 
found. 
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If survcjyrf itre coiiciucited during tlif; optimum 
periods in respcjct of locust aetlvitys this formula 
gives a fairly corre.ct estimate of the population 
density. 

During 1935, when a large incursion of locusts 
invaded the reks of Pasni, long stretches had to be 
covered in order to (‘siiiiiate the population and 
much of the survey work had to be done on 
camel back. As the locusts flew up, they were 
couiitcid, just as in the case of foot-surveys. But 
instead of giving a range of 11 ft. on either side, 
double that figure was adopted in order to give 
due weight to the larger size of the camel, and the 
results obtained appeared to talljr with those ob- 
tained by foot-surveys. During the subsequent 
years, however, when the locusts were compara- 
tively few ill numbers; camel surveys w'ere found 
to be of little value and were discarded. 

Owing to the extent of the area to be covered 
by the surveys, the scattered distribution of the 
locusts and the limited staff available for survey 
vnrk, any precise determination of the density of 
population for large areas has been found to be 
beyond the bounds of practicability. Only 
random examinations have been possible and the 
surveys carried out can be considered to be only 
of the nature of samplings h The number of 
locusts found in particular surveys is ultimately 
dependent on the peculiarities of their distribution 
at those times. The results of individual surveys 
are thus liable to vary a good deal, though carried 
out in the same region. In order to counteract 
the effects of individual variation and make the 
figures comparable, it was found desirable to work 
out the average of the density of population for the 
whole area surveyed. For working out the aver- 
ages, the following method w'as adopted : The 
areas, in square miles, calculated for all the indivi- 
dual surveys, irrespective of whether locusts were 
noticed or not, were added together to get figures 
of the total extent of the area surveys. Similarly, 
the total number of locusts observed in the course 
of all the above surveys was obtained by adding up 
the individual results, and from these data, the 
average population density for the whole area was 


wraked out. 

The present method does not aim at any high 
accuracy, but is useful in providing a rough esti- 
mate of the density of locust population at different 
places and at diferent times, thus supplying a 
common basis for comparison in regard to the 
effect of environmental conditions. 

I Moreover, what is wanted is not an absolute 
census of locusts at any particular place, but only 
a rough indication of an increase or decrease of 
population, due to local multiplication or to immi- 
gration from outside. The experience of the last 
eight years shows that variations in densities up 
to 10,000 per sq. mile are not of much consequence, 




as they represent, in g(3iKTal, ffockiations of 
population.' On the other hand, any iiKTivw of 
.population above that luiiit, cHpecnally if it ia 
spread over a largo area, should !)o takf‘n some- 
what seriously, as thoro Is a likelihood, If c*oiiditions 
.should be favourable, of tlie Ibrinatiori of concjen- 
tratioiis. of locusts in restricted situations, bringing 
about crowded breeding. In local it!t’3s wjiere there 
is a high concentration of hoppers, swdi as may 
lead to an incipient oiitbi’fmk, the density of the 
hopper population may re(U*!i a million, per square 
mile. A further degree of coiicontratirm— 
probably of the order of 20 to iOO millions per 
square mile, is presumably ru.'.eded for tJie actual 
formation of a swarm. 

AiSTALYSIS of the STOVEY BATA 1931—1939 

The results of the surveys regularly carried , out 
as described above, have been compared with the 
weather conditions in the r(.‘spective areas duri,ng 
each year. The sequence of events in the life of 
the. solitary phase locusts throughout a year 
shows, on the whole, a striking correlation with 
the seasonal weather changers, and deviations of 
weather conditio.iis in particular years arcs r6fl..eeted 
in corresponding fl,.uctuatioiis of tlie locust pfjptila- 
tion in different areas. The normal annual cycle 
and its variations, observed, each year, are briefly 
described below. 

The overwintering of adults 

Only scanty mformation is available with regard 
to the winters of 1930-31 and 1931-32. In parts 
of the Rajpiitana desert and in the Lasbela and 
Mekran- areas considerables overwintering occurred 
during the winte.rs of 1933-34, 1935-36, 1936-37, 
and 1937-38 ; in these years the breeding in the 
Sind-Rajputana desert during the , preceding sum- 
mer had been. fairly heavy and continued, late in 
the season. On the other hand, during the winters 
of 1932-33, 1934-35, and 1939-40, there were no 
overwintering adults in the Rajputana desert 
and very few in the Lasbela and Mekran., ■ In 
1932 there was no rainfall in Rajputana after the 
loth August, and in 1934 there was none in Sep- 
tember, while in 1938 and 1939, the monsoon rains 
were very poor in most parts of Sind and Rajpu- 
tana, so that breeding in these four years was 
restricted and therO' was practically no late breed- 
ing. Thus, the occurrence of large numbers of 
o^'rwintering adults is dependent on the late 
breeding in the Rajputana desert areas during 
the preceding summer. Locusts of the earlier 
brood appear to leave the desert areas by Septem- 
ber and gradually drift westwards to BalucMstan, 
subsequently passing into Iran. If there is any 
late breeding, further flights from the desert fallow 
. during ' 'October and STovember, and these late 
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adults overwinter partly in tbe desert^ and partly 
in Lasbek and Mekraii. 

Frosts ill many parts of Upper Baluchistan, 
especially at the .altitudes above 4,000 ft., occur 
almost every night during the greater part of 
December, January and February, and there are 
records to indicate that swarms suffer a high per- 
centage of mortality in these upland areas during 
winter, and cases of mortality among the solitary 
phase locusts during severe spells of cold weather 
have also been noticed. In winter, locusts seek 
the base of thick bushes like those of Siniya 
(Crotalarm hurJiia) during nights but they generally 
crawl out during daytime to bask in the sun. In 
the Mekran coastal areas and in the desert, winters 
are not severe, but sometimes, especially in the 
northern parts of the desert as in the Bikaner area, 
frosts occur on several nights during cold waves, 
and at such times locusts have been found dead at 
the foot of the bushes. The following observa- 
tions made of the behaviour of locusts in a cage 
with wire-gauze sides kept in the open during the 
winter months at Quetta^ however, indicate that 
locusts can withstand fairly low temperatures. In 
a cage in which several hopper had been intro- 
duced among small bushes in September, a few 
became adults in October, but owing to the setting 
in of cold weather rather early by the middle 
of October and the occurrence of frosts on 
several nights, the rest of the hoppers did not show 
any further growth during the winter. They were 
found hiding either at the base of thick bushes or 
in crevices between the framework of the cage 
and the ground during nights, and came out of 
their hiding places in the morning on sunny days. 
During the whole day they remained basking in 
the smi, and fed a little at midday. They did 
not emerge on cloudy days. The locusts — both 
hoppers and adults — survived till the beginning 
of January, so hat they withstood air temperatures 
of 17°F. (about — 8°C.), but with the fall of snow 
in the second week of January and the subsequent 
thaw, they were observed to succumb to the wet 
cold ; the minimum temperature recorded in 
January was IS'^F. 

In the course of survey work, observations were 
made on he overwintering habits of a few grass- 
hoppers. At Quetta, Acrotylus humheHianus, 
Sauss., was found overwintering under grass in a 
lawn at a depth of about If to 2 in. and to have 
survived a snowfall of 4 in. in March 1931. 
Anacridium aegypfium, L. was found hiding in a 
niche in a building at Quetta in February 1931. 
At AhmedwalL in Chagai (3,000 ft. altitude) 
several specimens of TMsoicetrus persa, Uv., were 
collected in March 1931, hiding in crevices in stony 
ground, havi-g survived a fall of smow. At 
Chachro in the cultivated area of the desert, some 
thorn fences were dismantled in February 1935 


and several grasshoppers — Cyrtamnilimris tatarka, 
L., Anacridkm aegyptium, L., Euprepocnmiis 
almrisj Serv., etc. — were found. The overvlnter- 
iRg is probably a fairly common phenomenon 
among Acrididae in India. 

Except during, the winter of .1937-38, when 
hoppers were also found passing the vdnter in the 
Thar area in small numbers along with the adults, 
the Desert Locust •would appear to overwinter 
only in the adult stage. 

Spring breeding on the western reks 

The extent and intensity of spring breeding on 
the western rehs of the Mekran coast w^ould appear 
to be directly commensurate with the amount of 
winter rainfall received. Fairly heavy spring 
breeding was noticed in 1933, 1935 and 1939 
as a result of heavy winter-spring rainfall, while 
during the spring of 1932, 1934 and 1937, there 
w^as an absolute absence of breeding in conse- 
quence of an almost total failure of winter-spring 
rainfall. In 1931, 1936 and 1938, •winter precipi- 
tation occurred all over the coast, but was below 
the average, and the spring breeding was, accord- 
ingly, light to moderate in character. 

Late spring breeding in the interior of Mekran 

a. Spring migration. Since 1933, regular sur- 
veys of the interior, of Mekran were carried out 
throughout the year, and as anile, very few locusts 
were noticeable in the interior of Mekran during I 
the winter months. From March onwards, how- 
ever, increasingly large numbers were usually met 
with. From the biometrical characters of the 
population met with in the interior during the 
period March to May in the years 1935 and 1936, 
and from the evidence furnished b^^ the presence 
of green algae [Ramachandra Rao, 1940] on 
the wings in 1937 and 1938 in similar population, 
it is fairly obvious that they w^-ere derived from the 
coastal population of Mekran. The occurrence 
of yellow-winged forms carrying green algae on 
the wdngs in Kachhi-Bolan area in 1937 and 1938, « 

and the finding of a yellow-winged male wdth 
mature green algae on the wings as far north as 
Dalbandin on 4th April 1938, are clear indications 
of the existence of a general migration from the 
coastal areas of Mekran and Lasbela into the 
valleys of the interior with the advance of spring. 
Similar migration of swarms has been noticed in 
Baluchistan in the spring months during the last 
swarming cycle. The probable cause of such 
migration may be that a rise of temperature 
accompanied by desiccation starts earlier on the 
coastal plains than in the upland valleys to the . 
north, which by reason both of a higher latitude 
and a greater altitude offer more suitable ecological 
conditions for the breeding of the locust till late in 
the season. 
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b. Development of ouihreah centres. As a result Movements in simmer 
of the occurrence^of good showers of rain in spring climate of t lie M'estcrn T)arts <'.f Baliuliisfan 

j ill the interior of Baliicdisitan mJ93o, con^entTated- resembles that of the reiiioos fiirllier sueli 

t breeding was noticed in suitable localities between Iran, Iraq and Arabia. It is of the aiediti'rra- 
n April and June, leading to the development of nean type with rainfall mostly in winter and 

% ineipieiit swams ill the Kech spring, and with pronounced slimmer drought* 

.} giir area ^and m south, Kharan. In these cases j^ains practically cease in March or .April, and by 
I the breeding represented the second sprmg genera- ^pri| 0f fpe lM‘gi!n}ing of J^lay there is 

I tion derived from parents produced on the coast, ^ distinct rise of temperature acco,iiipari.ied b)- a fill 

I In 19365 an outbreak centre w^as found to have q£ humidity. In years when there is a failure of 
developed in the Kilwa area in March -April, winter rain, conditions of desiccation may sf;t in 
but it was formed by the concentration of over- early as the middle of April, wliereas iii of 
wintered individuals ot the old generation. Fairly niore than average rahifall this occurs bv the 
good breeding also occurred m Kulanch at about middle or end of '31a}u Thcsi^ climatic' changes 
the same time. In addition, light breeding re- generally take jilace nmn‘ or le.s.s era dually with 
1 presenting the second generation of spring was advance of the season, but abrupt risc-s also 

f noted in June at Nigor-Kan-Daf in the Panjgur occur fairly frequeiitiy, eitlier as the result of a 

^ wave or in the wake of one of the \cest(mn 

Inl937,owmgtothefaihireoframsoiitl:iecoast, distrubances. High tempera 1 11 res are generally 
most of the locusts would appear to have migrated accompanied by dry hot winds (gorleJi) from the 

into the valleys of Mekran and Upper Baliichistan. j^orth or north-west, and may ])ersist for a week 

An outbreak centre developed at Slieh Lakhra in qj. -{-oj-j days, after wliich milder weather may pre- 

the Porali valley of Lasbela in the spring months, till another heat svave sets in. In tlie Mekran 

^ Heavy breeding occurred on the Kachhi Plain, area south-west winds from the coast generally 

j and in the Eolan valley in April, May and June, prevail in the afternoons during these intervals, 

and there is little doubt that the infestation had With a general rise of atmospheric maximum 
been started by locusts derived from the Lasbela temperatures to over lOO^F. (tlie soil surface 

^ and Sind-Rajputana areas, where overwintering temperatures being naturallv much luLdier), and 

had been noticM. There was, moreover, a fair ^ corresponding fall of bumidity, locusts would 

fp'’ amount of breeciing in the valleys of the Panjgur seem to feel an urge to leave the area, and wdille 

area, especially in the Gar-Parom section in June south-west winds prevail, move up through 

and July, representing the second generation of the valleys of southern Baluchistan into Kachiii 
the season. and west Sind, and thence into south-west Punjab 

In 1938 there was little breeding in the interior ^nd Rajputana. On the other hand, when the 

in view of the defective rainfall, except in the north-west winds are active, locusts fiiid their way 

Kulanch area. into the coastal areas from the interior. IJlti- 

In 1939 heavy winter rainfall occurred both on lately, however, even those reaelung the coast 

the coast and in the interior of Mekran, and good gnvitate into the desert areas via Lasbela and 

f breeding was noticed in the Kulanch, Kech and §ind. The following examples illustrate the 

! Kolwa areas between March and June, and there variations in summer movements in various years. 

, is reason to believe that the breeding in these j 932 a definite incursion of locusts — mostly 

areas might have taken the complexion of out- of gregaria type— occurred on the 24t]i .Mav 
break centres if the initial locust population on the on the Mekran reJes, and was associated with the 

coastal areas of Mekran in the winter of 1938-39 prevalence of dust storms from the nortli that had 

had been greater. Heavy breeding would appear developed during tiie heat v ave of 22nd and 23rd 

to have occurred in the Kachhi-Bolan areas also in j^^y in Upper Baluehistaii. In July 1935, xi. 

the spring of 1939. similar incursion of locusts, but of much greater 

In 1926, the year of the commencement of the magnitude, likewise connected with the develop- 

last great cycle, very heavy rainfall occurred in Jan- ment of conditions of high saturation deficieiu\v in 

nary, both on the coast and interior of Mekran, and the interior, w^as experienced in the coastal areas 

led to heavy breeding on the coast. Subsequently, of Mekran and Lasbela, and in the TFlar area,' of 

there was good rainfall in the interior in March gind, during the second we<*k of the inontli. 

and later on in May, which presumably induced gimilar but much lighter incursions were noted 

widespread formation of outbreak centres in the Pasni area in May 1936, in June 1937 and 

f Kulanch in May, and there is reason to believe June 1938, and in all cases a sucld^i rise of tem- 

that incipient swarms developed at the same time perature in the interior was found to be involved, 

also in the Kech and Kolwa valleys. In the Sind-Rajputana desert region, regular 

observations w^ere begun only from June 1933, 
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and during the period 1933 to 1939 few locusts 
were noticed during the winters, none being ob- 
serTable by April. Specimens of a recently 
developed generation w^ere always found appearing 
in May or June in most parts of tbe Sind-Rajputana 
desert, and as these could not have developed 
locally it is famly evident that they represented 
migrants from the western areas of wdnter-spring 
breeding. 

With the development of high temperatures in 
the western areas, locusts would appear to quit 
them in May-June and to migrate wdth the south- 
westerly winds generally prevalent at this period 
(except during a hot wave) towards the north- 
east or east into Sind, S. W. Punjab and Raj- 
putana. As a rule, most of the early migrants 
reach the northern parts of the desert, the migra- 
tion being directed to tbe southern parts only 
when north-w^esterly winds prevail as a result of 
an abnormal rise of temperatures in Baluchistan. 

In the case of the Thar-Malliani area, locusts 
may arrive there directly from the western areas, 
but may more often be conveyed there from the 
north or north-east by winds connected with the 
passage of a monsoon depression. In 1938 no 
locusts were observed around Chachro till the 
22nd July, when with the fall of heavy rain due to a 
depression, fairly good numbers were noticed on 
sul3sequent days. 

In 1937, when heavy spring breeding occurred 
in the Kaclihi and Bolan areas, locust individuals 
of a new generation began to appear in tbe Jaisal- 
mer-Bikaner areas as early as the middle of May. 
As owing to lack of rainfall there was no spring 
breeding in the Mekran coastal areas nor any ex- 
tensive multiplication in the Mekran hinterland, 
there is reason to believe that most of the migrants 
found in May and June had originated from the 
Kachhi-Bolan areas or from the Shah Lakhra area 
in Lasbela. In 1938 there was no breeding in the 
Kachhi area and but little in Bolan ; and few 
locusts were met with till the end of June in the 
Jaisalmer-BIkane^ areas. In 1939, on the other 
hand, fairly good breeding occurred in the Kachhi 
area, and the earliest immigrations bf the year— 
which were found in June in the Jaisalmer-Bikaner 
area— were presumably derived from the Kachhi 
area. 

As the infestation found in Kachhi-Bolan area 
in the spring bf 1937 had been derived mostly 
from tbe overwintered locusts found in the Jaisal- 
mer-Bikaner areas, there is probably a linkage 
between the two areas in regard to locust breeding. 


Summer breeding 

{a) Sind-jfajpuUna Area. The ' migrants begin 
to appear in the Sind-Rajputana area generally by 
the end of May or the beginning of June and the 
immigration may continue up to the middle of 




August. By the middle of June a fair proportion 
of the/ immigrant iociists is sexually mature, and 
if the monsoon rains commence by the latter half 
of June, as they did in 1933, 1934 and 1936, 
oviposition takes place almost . immediately. In 
1938, an inch of rainfall w^as recorded at Benner 
on the 31st May, and hoppers w^ere noticed there 
already by the end of June. 

July is generally a month of good rainfall, in 
which egg-laying is in progress throughout tlie 
month, and the first hoppers may be expected by 
the middle of the month. The June-July batch 
forms the first monsoon brood, the new adults of 
which usually appear by the middle of August. 
Should there be good rainfall also in August, the 
immigrant locusts may be able to lay a second, and 
sometimes even a third, batch of eggs in some part 
or other of the desert, so that hoppers of the first 
generation may be found up to the middle of 
September and may continue to transform into 
aduits»*even up to the end of September. 

Generally, however, a break of 2 to 5 weeks^ 
duration in the monsoon rainfall occurs either in 
July, or in July -August, or in August-Sept ember. 
This has the effect of causing the sand-soil mois- 
ture to dry up, and sometimes of raising the satu- 
ration deficiency of the atmosphere, as a result of 
which locusts find the conditions unsuitable for 
further egg-laying and usually leave the area. 

When there is sufficient rainfall in August, | 
adults of the new generation appearing at the 
beginning of August are able to attain sexual 
maturity by the end of August or the beginning 
of September, and to lay eggs that result in the 
second monsoon generation. As the last batches 
of eggs of the old generation may also be laid at 
the same time, an overlapping of generations is 
bound to occur at this period, though by the end 
of the breeding season the hopper population may 
be expected to be made up purely of the second 
generation. 

The production of the late brood^ — which in f 
effect is mostly composed of the second generation 
of the monsoon period — ^is a factor of considerable 
importance in locust epidemiology. The greatest 
increase in numbers would occur only if one fairly 
large brood is quickly followed by a second one 
within the same breeding period. Otherwise, a 
considerable decrease in numbers is likely to occur 
if the bulk of the new generation has to undergo 
the usual seasonal migration and hibernation be- 
fore it can breed in the spring, in view of the likeli- 
hood of numerous casualties due to adverse weather 
conditions and natural enemies. In 1926, there 
was fairly heavy and almost continuous rainfall I 
during July, August and September in the desert 
areas, especially in the southern parts of the desert 
where heavy rain occurred in September. Con- 
sequently fairly extensive breeding in July- 
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August was followed in Septoiuljcr-October by a Flights indwedhjthifitnUirmm'-rilimiihrMortns 
second generation mostly in tbe .southem desert, tJje course of intwisivc ol.NTVid ion. mode in 

where, favoured by the dyiiainies of depressions Sind-Rajputana an.-a ia-uveen anri 

(see below), concentrated breeding was brought it ^vas often noticed that, soon alter rainfaJl, 
about, resulting in the formation of large swarms, locusts were found present in hx'.dities where tliev 
The latter spread southwards into Cutch and jjad not been seen pno-ioiislv. ft was at tird 
Kathiawar, nortli-westwards into southern Pun- supposed that the prescime f>f Joeuds was due to 

jab and westwards into Smd and Baluchistan, and the active attraction exerci.-vt] by heavy iireeipi- 

thus initiated the last locust cycle of 1926-19.11. tation, but observations niade in tJie of SI if- 

In 19.36, on the other hand, good precipitation ^ey work made it clear ti.at in mod e(Hes tlici' arc 

in July was followed by deficient rainfall and brought into the area bv the stoims tiiat udi'ei- in 

partial drought in August and September, so that the rain. On 23 August, HOT, large gjouits of 

the fairly good breeding that commenced in the solitary locusts— wliicli were Mifficient'ly iiioiierriiis 

wake of the incursion of coiisideralile numbers of to be mistaken for a loose swarm— -were l•(‘po!■tt■d 

locusts from the west was interrupted in August, to have been seen flying uitli Die uind over Die 

and there was only a feeble deveJopment of the townofSardarshahrat .iVisk iiistiulorloDieoci-ur- 

second monsoon generation in Scptember-October. j.^nee of a thunder storm. It is surmised that these 

In 1933, when heavy multiplication occurred as loeust group.s had been <lerived from the Heni 

a result of heavy rainfall, especially in the northern area to"' the nortii-east. wliore large mimiiers of 

areas, a few loose swarms liad apjiarently been pro- „f the new iuood wei-c known to liav o been 

dueed, which were reported from the outskirts of p-esent, and that Die latter had, in view of Dm 
the desert areas near Muttra and in the Bikaner- niiusuai drought that Jiad been pre-vailing at Dm 
Bahawalpur areas. time, been e.\citi.d into activiti- bv' tlie cool, moist 

In 1936, a considerable increase of solitaria of the oneoniing tluuidcr“.storm and had 

population was noticed in the Jaisalmer-Bikaner allowed themselves to Im carried bv Dm storm into 
areas in November as a result of late breeding in- ^ew areas. A similar case was observed in the 
duced by heavy rainfall in August,- but no con- Kolwa area in Mekran in July 1937, when a Held- 
centi'ated breeding apparently occurred. nian found fairly largo numbers of locusts after 

Prom the experience gained durmg the last few j-ain storms, though none had been found prior to 
years, it is obvious that August and September rainfall. In a thinl case, few locusts were seen 
are rather critical months in respect of locust the Nokh area during first week of .\ugust 1936, 
breeding in the desert areas, as the extent of put subsequent to the abnormallv heavv precipi- 
multiplication during the particular season is tation during the second week ‘(12Drto 16th), 
entirely dependent on the character of the preci- large numbers of them were met with in the .same 
pitation received during this period. area. Apparently they had been carried into the 

(b) The Baluchistan Areas. Summer breeding area by the cyclonic movements of the .storms 
generally occurs in the Lasbela, Kachhi and Mekran accompanying the jjassaae of tlie depre.ssion. 
areas in which the monsoon extends its influence, further instances of this kind were noted in July 
Between 1931 and 1939, there was no summer 1938^ when the earliest appearance of locusts 
rainfall in the Lasbela and Mekran areas in 1931, diuing the summer .synch ronizerl witii tiie first 
1935 and 1939 and consequently no summer monsoon shower at Chachro as well as at Nokh 
breeding. On the other hand, in 1932, when a [Bhatia, 1939]. 

depression carried heavy rainfall into the Lasbela tbig connection, certain ob.servntion.s (as yet 

area and into the coast and interior of Mekran unpublished) wiiich iiad bocn madt' by Klian 
during July, extensi-ve breeding was observed Bahadur M. Afzal Husain, Dr Ta.skhir' Ahmad 
all over these areas in July-August-September. and others at Lyalljjiir in August 1931, on the 
In 1933, also, heavy rainfall occurred in July in behaviour of caged locusts, are of paiticular 
the Lasbela area, but in Mekran the rains were interest. A large number of locusts, captured 
comparatively light in the interior (Kolwa, Keeh from swarms, had been confined in a large wire- 
and Panjgur) and very light along the coast, gauze cage in the open, and it was found on two 
Heavy breeding was observed in the Lasbela area occasions that the locusts began to fly about in a 
between August and October, but in Mekran there state of great excitation and dash agaiirst the wire- 
was only light breeding in the interior, and none gauze sides some time before tlie approacii of a dust 
on the coast. In other years, varying amount storm. If in nature locusts similarly respond to 
of rainfall was associated in Lasbela with proper- changes in the atmospheric temperature, humidity 
tionately varying amount of breeding. In Mekran, and pressure associated with the approach of 
however, breeding was noticed in some quantity r ain storms, they would rise into tiie air of their 
only in 1937 and 1938 in Kolwa and Panjgur in 0-^,^ accord to meet the winds, and thus get con- 
smnmer. • veyed by them to likely areas of rainfall. 
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Therefore, the oecurrence of thunder storms, or 
the passage of depressions in summer, is of special 
significanceiii the development of outbreak centres 
In the desert areas. 

Autwmi migmiion 

With the withdrawal of the monsoon current 
from North-\¥est India during September, the 
desert becomes an area of drought accompanied by 
high temperatures. In years of more than average 
precipitation during Aiigust-September, as in 
1931 and 1933, the change to conditions of drought 
is delayed, occurring only by the middle of October. 
On the other hand, in years in which rainfall in 
August-September is defective, as in 1932, 1934 
and 1935, conditions of drought develop fairly 
early in September, and in 1937 an unusual drought 
developed during a long break in the monsoon 
in August. During the monsoon months, the 
maximum temperatures in the desert rarely reach 
98°F., w^hereas they may rise as high as 107® F. 
during periods of drought developing after the 
monsoon current ceases. The adult locusts of 
the solitary phase rest and bask on the surface 
of sandy soil, and as the temperatures on the sur- 
face of sand heated by the direct rays of the sun 
will naturally he high and the percentage of at- 
mospheric moisture in such locations will also be 
lower than that in the screen, the discomfort caused 
to the insect would be very great, so that it gene- 
rally tries to flee from such situations. 

Locusts generally leave the Sind-Rajputana 
desert area in September- October, and as north- 
easterly or easterly winds are usually prevalent 
at this period, the bulk of them would appear to 
fly towards Sind and Baluchistan. In one care- 
fully observed instance in September 1936 at 
Chachro, a dust storm that appeared from the 
north-eastern direction in the afternoon carried 
off most of the locusts in that area. As by the 
end of the month the population at Ambagh was 
found to show a sudden rise, it is surmised that a 
migration in a westerly direction had taken place. 
Similarly, in September 1937, the greater part of a 
fairly high locust population found in the neigh- 
bourhood of Chachro was noticed to have been 
swept away by a depression that passed west- 
wards over that area on the 10th September. 
More usually, however^ emigration from an area 
is gradual and may be spread over a large number of 
days, while the conditions of drought last. Much 
of the autumn migration takes place generally 
during October, but it may extend up to the middle 
of November. 

In general, how^ever, the heat abates by Novem- 
ber, and a slight rise of humidity also occurs, so 
that locusts do not find the same urge to leave the 
area. When there is late breeding, most of the 
adults that are produced by the close of October 


or during November do not show’' any indications 
of leaving the area, and the great majority of them 
apparently pass the winter in the desert areas, 
though a certain proportion may, and do, migrate 
in the course of the winter season during the short 
spells of comparatively hot weather that sometimes 
develops there. 

In the autumn of 1937, periodical observations 
were made at several points in the semi-desert 
area stretching betw^een the banks of the Indus 
and the Hab rivers, in an attempt to get informa- 
tion in regard to the progress of migration. It 
was found that locusts were noticeable mostly 
on the sandy beds of various dry water- courses 
that drain the semi-desert country. It was also 
observed that, while locusts were met with during 
October and November, they were not seen 
in December, indicating the cessation of migration 
in winter. 

From the information available, it looks as if 
migration takes place in the form of hops, covering 
about 10 to 20 miles at a time, the migrating 
locusts alighting wherever they find sand patches 
covered with light vegetation for purposes of rest- 
ing and feeding. Presumably it may take about 
a week or ten days for migrating locusts to cover 
the distance between the Indus and Hab rivers, 
though w-dth a strong north-east wind backing 
them, it ma}?' take much less. 

Observations made in 1935-38 indicate that J 
autumnal migration probably occurs in a series 
of waves that are generally concurrent with periods 
during which the dry north-east winds are preva- 
lent in Sind, Baluchistan and Rajputana. In 
many cases, each wave of migration could be 
traced to a certain extent from the Rajputana area 
to the Lasbela area, and thence to the Ormara and 
Pasni 

Very little is known as to the routes by which 
migrant locusts reach the Mekran reks from Raj - 
put ana and vice versa, but there is no doubt that 
migration is probably guided partly by the diree- 
tion of the prevalent winds and partly by the 
orientation of the valleys in the mountainous 
areas of Baluchistan through wLich they have to 
pass. It is probable, for instance, that the mig- 
rants that reach the Rumra and Pasni areas from 
Sind pass through the Kolwa valley. In regard 
to the locust populations found on the various 
coastal reks of Mekran, it was often noticed that 
a progressive rise of density occurred in the autumn 
from east to west, and it is possible that a gradual 
migration along the coast occurs during the 
autumn, winter and spring months from east to 
west, and probably extends into the Iranian ^ 
areas. 

The concentrations of locusts that are almost 
always noticeable on the coastal reks of Mekran 
are probably to be explained as incidents of 
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seasonal migration. In summer^ locusts get into 
the refo'from the interior from a northern or north- 
western direction, and in antiimii.and winter from 
a north-eastern direction.. On reaching the coast 
their migratory flights are presumably halted by 
a sight of the great barrier of the, sea, and the 
attraction exercised by the reJcs with their scrub 
vegetation w'onid account for t,heir presence in such 
numbers along the sea-coast. It is possible. t.hat 
a fair .number of locust individuals may be carried 
by strong winds across the Gulf of Onia.n into 
Arabia, as, e.g,, in, the mnter of 1936-37 there w^as 
some indication that a migration of individuals 
had taken place across the Gulf into the Muscat- 
.Sharj.ah area. , 

Sj^ring breeding in the Sind-Rajputcma desert 
areas 

Usually the spring rainfall in the desert is not 
high enough to indiice breeding, but in the spring 
of 1936 light breeding occiirred in north Jaisalmer 
area. In the spring of 1937, fairly heavy rainfall 
oGcurred in the Jaisalmer-Bikaner areas, and as a 
result faii’ly widespread but light breeding w^as 
noted in April in nian}^ places in the northern 
parts of the desert. Adult locusts of the new gene- 
ration were found in May. In 1935, good rainfall 
occurred in spring but breeding did not follow on 
account of the absence of locusts in these areas. 

During the period 1934 to 1939, no spring 
breeding has been noticed in the southern parts 
of the desert. 

Paeallelism of the aneital cycle of activities 

OF THE SOLITARIA ANB Gbe^^AEIA PHASES 

In view of the knowledge gained during the last 
nine years of the life activities of the solitaria 
phase in the Indian area of its habitat, it might 
be useful to compare it with what is known of its 
gregaria phase during the last locust outbreak of 
i926-31. A short summary of the general scheme 
of swarm movements is given below. 

The winter period 

Swarms are generally inactive during the winter 
months, especially during December and January. 
During the winters of 1928-29 and 1930-31 there 
was no over-wintering in the Indian area, but in 
1926-27, 1927-28, 1929-30 and 1931-32 large 
numbers of locust swarms were found in the winter 
season chiefly in the coastal areas of Mekran and 
Lasbela, parts of the Sind valley, the Kachhi plain, 
parts of S.W. Punjab, the outskirts of the Indian 
desert, and the foothills of the Punjab ranges, 

^^pring breeding and migration 

Mehran, With the fall of winter rains, the 
swarms over-wintering in the coastal areas may 
become mature and lay eggs in suitable places. 
At the same time there occurs a migration from 


the coast into the interior, gem^’aHy in a north or 
no.rth-east' direction into the Keeh iind Kolwa 
: valleys and thence into Jhalawan. Of 1 h r 
may move into Panjgur, Kharan and f hatrai from 
" the southern parts of Iran. From (diagai swarms 
■.may move into Sarawnn and Quetta- I'h'shiri, or 
into the 'Kandahar valley in Afglianistan via 
Sboraavak and Cham an, and. tfienci* tlirongh th<^ 
Arghastaii valley into the KnrFa.m \'allt‘y In the 
N. W. Frontier Province, rea.-chlng tlie fat ten? by 
May- June. 

KacliJiL Swarms wintering In the |)Iains of 
Kachhi a.nd w^est Sind cntfT the mountain vail(*}‘s 
of Upper Baiiichistari thrf)ngh the gorgets of the 
Mula, the Bolan and the Kara, ultimately Hriding 
their wmy into Saraw'an, Sibi, Qnetta-Pishin, 
Loralai and Zhob districts. 

Punjab. Sw-arms become active in spring an<i 
may concentrate and breed bfdwnon Febs'uary and 
April, in districts receiving winter rainfalL Iliere 
was considerable spring breeding in 1927, .1928, 
1930, and little or none in 1929 and 1931. There 
may be some breeding In spring also in the siil)- 
montane areas of the United Provinces, such as 
Kumaon. 

Smd and Rajputana. Breeding rarely occurs in 

spring. 

Baluchistan. Breeding takes place only in 
places w'here good rainftdi has oeemTed. It first 
occurs in the low-lying coastal areas and in the 
Kech and KdIwe valle^^s (February to March), 
after w^hicli breeding is obseiwed in the higher 
valleys, such as Panjgur, Kharan and Chagai 
(March to May) and lastly in the uplands of 
Saraw^an, Quetta-Pishin ancl Zhoh (May-June). 

The adult locusts belonging to the earliest brood 
produced in the southern valleys may reach the 
uplands in the interior in Aprii-May and may lay 
eggs if conditions are suitable. 

Rummer migration 

Pink swErms of the adults of the new^ generation 
produced in spring in Mekran and Chagai fly in 
May in a north-easterly or easterly direM'tion across 
JhalawEn and Sarawan till they reach w’cst Sind, 
Kachhi and south-west Punjab in June, The 
swarms produced in the uplands in June also fly 
eastwards into the Hind-Piinjah area. 

The new generation developed in the Punjab 
in -Aprii-May' is generally sw''ept eastwards into 
the United Provinces, Central India and Bihar 
by the hot winds from the nortli-wa\st that bio w' 
in May-June on the Indo-Gangetic plains. 

The main cause of the eastward migration of 
swarms from Baluchistan would appear to be the 
development of conditions of high desiccation that 
set in, in the interior, at the end of spring and the 
prevalence of strong south-w’'esfcerly winds, which 
carry them into Sind and the Punjab. 
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Tho pfiik swiriiis from the Baiucliistan area 
generally rc^ach the Hincl and Sou tii-We>st 'Punjab 
area:'; in June, and gradual^ fly eastwards into 
Itajputaiui, the- east Punjab^ and the United 
Provira *-e.s d uilng J u ne- July, 

' Swnmmr breeding 

Bahidiistan. The greater part of Baluchistan 
falls within the zone of summer drought and usually 
very little summer rain is received, but depressions 
of the monsoon period may carry considerable 
rainfall at times into the eastern parts of the 
country, such as Loralai, Sibi, Zhob, Kachhi, 
Jhalawan and Kolwa, in which case breeding 
may occur in these areas. In Lasbela, however, 
summer breeding is the rule, as it is subject to the 
influence of the monsoon. 

Sind-Majputana. With the fall of rain, the 
iiiigrant swarms attain maturity, and there is 
considerable breeding in the sandy desert areas 
of Sind and Rajputana. In years of extraordinary 
rainfall, as in 1929, a great deal of multiplication 
may occur also in the alluvial areas of Sind. 

Punjab and United Provinces. With the develop- 
ment of depressions from the Bay of Bengal, 
tlie dominant wind-direction in July-August is 
usually east to w^est, and consequently most of 
the swarms that had reached Bihar and Central 
Ixidia in June are s wept back to the west and begin 
to breed in the Punjab and the western parts of 
the United Provinces. 

The adults of the first generation of the mon- 
soon begin to appear in August, and they are 
ready to fly in September. There is usually a 
single generation in summer, but if heavy late 
rainfall is received in August-September the oy 
generation may continue to lay further batches 
of eggs and, in addition, the new generation may 
also begin to breed in the desert areas and in parts 
of the Punjab. These will assume adult condition 
only by October-November. 

Autunin flights 

With the withdrawal of the monsoon, north-west 
India becomes an area of high temperatures and 
low humidity, and the change in the climatic condi- 
tions has the effect of driving the swaims out of 
the Punjab, Rajputana and United Provinces. 
On the Indo-Gangetic plains, westerly winds 
develop in September-October and may convey 
the swarms eastwards into Bihar, Bengal and 
Assam. Some of them may also move into East 
Rajputana and Central India, and thence south- 
wards into Central Provinces and Bombay Presi- 
dency. In western Rajputana, some swarms 
may be carried southwards into the Kathiawar- 
Gujarat areas, but a great many are also swept 
westwards into Sind and Baluchistan, regions 
■where after a period of over- wintering they can 
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breed again in the spring following. Of the flights 
that move east or south few would seem to sur- 
vive, as they do not meet with conditions favouring 
further multiplication. 

Comparing the cycle of life .ativities of phase 
gregaoda, as outlined above, with that of phase 
solitaria, one notices a remarkable parallelism in 
the main scheme of annual events. In fact, 
there is the same sequence of concurrences : (1) 
Over- wintering followed by breeding in the winter 
rain areas, (2) spring migration from the coast 
into the interior, followed by breeding in the 
upland valleys, (3) summer migration to regions 
eastward as a result of the development of condi- 
tions of drought in the west, (4) summer breeding 
in monsoon areas, and (5) autumn migration — 
in part at least westwards into Baluchistan owing 
to the autumnal rise of temperatures with the 
withdrawal of the monsoon current. 

The main differences between the two phases 
would seem to lie in the greater degree of activity 
of phase gregaria. Both solitaria and gregaria 
are similarly affected by the same meteorological 
and ecological factors provoking them to make 
long distance migrations, but phase gregaria 
owing to its occurrence in swarms is capable, 
under the influence of mob psychology, of reaching 
longer distances and covering wider areas. The 
area of migration of solitaria individuals is con- 
fined usually to the coast and interior of British : 
and Iranian Mekran on the west, to the Rajputana 
desert areas on the east, but extends sometimes 
as far north as Chagai on the Mekran side and up 
to Spez and along the Bolan valley, and in the 
Rajputana area may extend into Patiala territory. 

On the other hand, swarms of may reach 

as far north as the Himalayas, as far east as Assam 
and as far south as the Madras Presidency. 

A CHANGE IN THE CONCEPTION ON THE OEIGIN OF 

OUTBBEAKS ' 

At the period when the present investigations i 
were commenced, the general view as to how 
locust infestation cycles recurred was somewhat as 
follows. With the breakdown of a locust cycle, the 
swarms would diminish iU number and size and ulti- 
mately disappear, and simultaneously the area of 
their distribution would also gradually become nar- 
rowed down to the limits of their permanent breed- 
ing grounds, where they would be found as scattered 
individuals of the solitary phase. If favourable 
weather conditions, such as heavy rainfall, should 
occur, intensive breeding would be induced and 
lead to the building up of a large population during 
one or two successive seasons. Sooner or later, ' 
swarms of the gregarious phase would be formed 
and invasions of large areas of surrounding country 
would follow. 
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The observations recorded during our surveys 
indicated, however, firstly that the population 
found in the breeding grounds was rarely of a 
static character and was marked by strong fluctua- 
tions in density, which was affected not only by 
local breeding, but also by an immigration or 
emigration of individuals. Secondly, soUtaria 
individuals have been found to be capable of 
migrating long distances, so that those bred in 
winter-rain areas can reach regions of summer 
f ainfaU and vice versa, at the change of the seasons 
and breed there. Thirdly, phase transformation 
has been found to occur, not in what have been 
called the permanent breeding grounds, but in 
certain ecologically peculiar locations — ^the out- 
break centres — often situated far from them. 

From the field observations in regard to the 
habits and behaviour of the solitary phase in the 
Indian area, the following would appear to be the 
general sequence of events in regard to the starting 
of a new cycle of locust infestation in north-west 
India. 

1. Granting that winter rainfall is heavy and 
early in the western areas of Baluchistan and that 
a fairly high population of solitary phase locusts 
is present on the reh areas of Mekran, passing the 
winter in the comparatively warm climate of the 
coastal plains, a fairly widespread and intensive 
breeding might be expected to occur on the sandy 
reh areas ; the new generation of locusts would 
begin to appear by the end of March or the begin- 
ning of April. 

2. By February, with the general rise of tem- 
peratures a migration of locusts from the coast 
into the valleys of the hinterland would begin. 
By March, most of the old over- wintered locusts 
would have reached the interior, and in April and 
May the new generation from coastal reha would 
follow. The interior of Mekran is a hilly area, 
most of which is either rocky or stony, and soft 
soils — ^mostly fine silts or sandy loams, are to be 
met with only on the bottom of the valleys, on 
which most of the patches of cultivation are to be 
found, generally along the banks of streams or 
water-courses. In some places, small mounds 
of fine, wind-blown silt are also to be seen, some- 
times on the banks of streams and sometimes at 
the base of hiUs. Locusts migrating into the 
interior are, therefore, attracted to the cultivated 
fields, and as the soft wet soils in such places 
offer suitable locations for egg-laying, crowded 
oviposition would occur. The hoppers hatching 
therefrom would appear to congregate in the culti- 
vation and undergo a transformation of phase 
there. 

3. Such outbreak centres might occur not only 
in Mekran, but also in Lasbela, Kachhi and the 
hill- valleys of Upper Baluchistan, such as Bolan. ^ 

4. With the development of dry weather in 
summer, most of the locusts produced mBaluchistan 


and southern Iran would appear to iiiigrate- 
eastwards into Sind, Rajputana and Punjab,., 

■ where they begin to appear in May- June. Tfie 
migration generally continuers into July and 
August, and quite a large body of migrants may 

■ become congregated in various parts of the desert- 
area. Breeding would begin in July, in the event 
of good, .monsoon rairifail, and tlifr new generation 
of locusts produced in the deseit iiiigiit be ] produced ■ 
by the end of Augu.st. Should further heavy 
rainfall occur in August and September, a second 
generation would be produced in the desert, and 
very often the depressions that pass over the (iese.rt 
from east to west would have the result of causi,i:ig- 
fairly dense concentrations to occur in the south- 
western or western parts of the desert, a.nd thus 
bring about t,he formation of large swarms. 

5. With the. development of dtj weather, in 
September-October, the swarms produced in the 
E.ajputana desert area would become dispersed^ 
most of them leaving the area v’’est wards i,nto the 
Sind-Baluchistan areas, where they can overwinter 
and breed in the following spring. 

From t,he above, it is obvious , that the real 
danger points are (1) the formation of outbreak 
centres in the interior of Baluchistan in late spring 
and (2) the intensive multiplication in the southern 
and western parts of the desert in September- 
October, It is both these areas that will have to 
be watched for and checked in time if the develop^ 
ment of a new cycle of locust infestation is to be 
prevented. 

It should be added that the complex of out- 
break centres composed of the winter-rain and the 
summer-rain areas, connected by migrations of 
locust population, is probably continued into 
southern Iran and eastern Arabia. 
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ABSTRACT 

A RESUME OF THE SOIL WORK CARRIED OUT UNDER THE CENTRAL 
PROVINCES RICE RESEARCH SCHEME 

{Report on the soil work carried out under the Central Provinces Mice Research Scheme^ Raipur, 
Government Printing, O, P. and Berar, Nagpur, 1942, Price Rs. 1-8) 


'The total cultivated area in the Central Provinces and 
Berar amounts to 2,49,13,000 acres and the percent- 
age of the area under important crops is, rice 21, cotton 
20, iotrar 17 and wheat 1 6. It wo’il thus he seen that from 
•the point of view of area, rice is the must important crop 
'Of , the province .and particularly that of the Chhattis- 
■garh Division. Rice is grown on a variety of soils pos- 
sessing widely varying, characteristics in respect of their 
■mechanical and chemical composition. Certain varieties 
, -of paddy have been reported to give different ^delds 
nn, varying classes of soils, and their requirement . in 
■respect of water for normal growth on different classes 
nf soils is not a constant factor. , These .and other cog- 
.'iiato problems could not be intensively ' studied by the 
Department in the past due to .inadequate staff and 
■ resources.. It .was therefore proposed to investigate these 
problems with the help of the Imperial Council of Agricuh 
tural Research and the Rice Research Scheme at Raipur 
was approved by that body for this purpose. The work 
under this scheme started in September 1932 and was 
carried out on 2 lines, ^ (1) botanical work consisting of 
selection of better varie'fcies of paddy and evolution of 
purple hybrids to enable eradication of karga weed (which 
is very similar in appearance to the paddy plant) which 
is found to grow extensively in rice fields, (2) biochemical 
work involving a growi^h of paddy, standardization of 
■analytical methods and other cognate problems. Some 
of the investigations under this head although academic 
in nature were considered to be necessary in order to 
obtain the required information in respect of rice soils 
■of the Province. 

The report under reference gives an account of bioche- 
mical investigations carried out according to the approv- 
ed technical programme of work and the results obtained 
..are briefly summarized .below. 

A PRELIMINARY SURVEY 

{%) In the beginning a survey of the rice soils from the 
various .rice growing tracts of the Province was ■under- 
taken. Samples of soils to a depth of 18 in. were collect- 
■ed and their mechanical composition was determined 
and correlated with the yields of paddy. Results 
obtained showed the following: 

(o) Under normal conditions fairly satisfactory yields 
of fine and medium quality rices are generally possible 
only from such soils whose clay content is 30—36 per 
cent at a depth of 6-12 in. 

(6) Soils in which the percentage of clay at 6-12 in. 
and 12-18 in. depths exceeds 36 and 45 respectively, 
are usually incapable of giving satisfactory outturns with 
fine and medium varieties although for many of the 
coarser types of paddy they might b© considered reason- 
ably fit. 

Results of chemical analysis have furnished the fol- 
lowing important information from a practical point of 
■ view :. ' 

(c) It was found that in general the more the lime 
■content of the soil in a particular tract the less was the 
yield of paddy. 

(d) Crop growth has been found to be affected by the 
degree of acidity or alkalinity (i.e, the nature of soil 


reaction) present in the soil. Some crops are susceptible 
.even to moderate changes in the reaction of the soil 
while others are comparatively more tolerant. In the 
case of the rice crop it was found that, optimum outturns 
could be obtained if the reaction of the soil is either slightly 
acidic, or neutral, i.e. neither acidic nor alkaline. Prom 
the knowledge of the reaction of a particular soil we can 
thus adopt, suitable methods of cultivation and manur- 
ing .so as to increase or decrease either acidity or' alkali- 
nity to the desired extent. 

In addition to the above findings, analytical data of 
fundamental importance relating, to the important , rice 
soils have been collected which wilhb© very useful in 
deciding the nature of treatment to be accorded, to a, 
particular type of soil from a specific locality. 

(ii) Attention was next directed to the intensive study 
of typical soils of the Chhattisgarh tract and .for this 
purpose samples of soils were taken from the Bilaspiir 
and Raipur districts. These samples were taken, to, a 
depth of 4«5 ft. and represented both cultivated and 
uncultivated soils. Results obtained showed the fol- 
lowing important characteristics of the types of soils 
examined : 

(a) Light soils (matasi). These soils are very poor in 
lime throughout the profile, i.e. to a depth of 4*5 ft. 
and contain a low proportion of clay and a high propor- 
tion of fine sand, the former generally increasing and 
the latter decreasing with the dep|h of the soil. These 
soils are usually slightly acidic in character. 

(5) Medium soils {dorsa I). These soils contain a 
high proportion of clay and a low proportion of fine 
sand, and show a slightly alkaline reaction throughout 
the profile. 

(c) Heavy soils (hanhar). These soils are ' similar ,' to,' 
the somewhat heavy type of soils designated as dorm 
I described above. ' 

It will thus be seen that the data which have now been . ' 
collectd regarding the lime content, reaction, phosphoric 
acid content and mechanical composition of the 
various types of soils will be very helpful in distributing 
proper types of coarse, medium and fine rices to suit 
specific soils, and suggesting manurial treatments and 
other m©tho«is of soil amelioration with due regard to the 
lime status and reaction of the soils in question. 

' ■ Losses or. .valuable plant pood material . 

In view of the fact that the action of rain and irriga- 
tion in removing various plant foods from the soil is 
intimately connected with plant growth an investigation 
into the losses of valuable plant food through leaching 
from different types of rice soils in the Chhattisgarh 
Division was carried out. Results obtained showed that 
as the period of leaching increases, there is a progressive 
inereas© in the amount of plant food lost from the soil, 
and that the loss of plant food from light soils is greater 
than that from heavy soils. These finds therefore suggest 
the necessity of applying at a time to light matasi soils, 
only small quantities of manures and fertilizers, and 
judicious use of irrigation water, so as to prevent their 
loss by leaching, and to maintain the natural soil fertility 
as far as possible. 
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Infi-uence of fertilizbbs 

: Evolution of carbon dioxide imder laboratory condi- 
tions from aerobic and water-logged cultures of the, two 
main rice soils, e.g. matmi and dorm receiving various 
'manurial treatments was recorded daily for aboiit a 
fortnight.. The. manures employed were, cattle-dung, 
-haranj cake, ammo.ni,um sulphate, superphosphate, both 
singly and in combination. The main object of this work 
■was to use the production of carbon dioxide as an index 
■of soil fertility. Results obtained show the following : 

, (a) Most of the m.anures tend to be more ueful in 
matasi than i,n dorsa soil. 

{h) For donsa soil the treatments that are likely to be 
most effective are cattle-dung and karanj cake. 

(c) The relative merits of the treatments — ammonium 
■sulphate, superphosphate, and super plus cattle-dung — 
both under aerobic and water-logged conditions for 
matasi and dorsa soils appear to be almost identical. 

JDiSPEESiOisr methods fob th:e .mechamcad ak-adysis 

OF THE BICE SOILS 

Twenty-one soils collected from various parts of the 
rice growing tracts of the Central Provinces were analysed 
by the International and Puri’s dispersion methods 
and their results were compared. It was found that the 
former method gives a. greater amount of clay and fine 
silt than the latter. The heavier soils were found to 
give a higher clay percentage with the Puri’s method. 
The soils selected for the experiment had pH values 
varying from 5*4 to 7*6, organic carbon from 0*3 to 
1*81, and calcium from 9 to 13*4 per cent. Hone 
■of these could be correlated with the varying per- 
centages of clay obtained in different soils by the two 
different methods. 

Locally peepabed bohe -manure and super- 
phosphate 



Manurial experiments conducted by the Department 
have shown that rice responds very favourably to applica- 
tions of phosphatic fertilizers and that the response is of 
the highest order when phosphates are used in conjunction 
-with nitrogenous manures. The most important raw- 
material, namely bones, which contain a high percentage 
■of phosphorus together with organic nitrogen in addition, 
though available in large quantities are at present not 
being utilized by the cultivators for manurial purposes. 


Experiments were therefore conducted to find out cheap 
■and simple method of converting bones into a useful 
phosphatic manure. It was found that by the ® Alkali 
method’ which is somevliat complitfaterl ajul by the very 
simple and cheap method of ‘ Half r'harring ’ wliieh c*iiri 
be practised by every indivi<!oal cultivator under vilingc 
■conditions, a cheap pho.splmtie fertilizer can he f*reparc*ti 
from, bones in the vi Hagen. 

'The effect of the locally prepared bone -manure on tlse 
yield of paddy was studied by pot culture ox perinimts, 
kiperphosphate being u?ed for the sake of ectmparisfm* 
It was found that the crop responds rriarkf'flly tci the 
addition of phosphoric acid in the form of ei-rlier bone- 
manure or supex*phosphate. 

The econoni'ic application of for paddy has fieerj 
found to be 20 ib. P/)-, acre. Thf c<un|)fiivdive t-osi 
of 1 lb. of phosphoric acid frran Iho boiK'-niamire^ ami 
'.superphosphate is found to bC5 as. 0-2-0 and as. 0-9-0 res- 

pectively. 

■pEEFAEATION OF COM,rOST 

In order to derive full benefit from irrigation, improvecl 
varieties and the like, the soil must eoui ain aderjuato 
■quantities of organic matter. Tlie i isua! available n if-dliod 
for either increasing or maintaining the organ ir* matt or 
content of the soif is the proper utilization of animal and 
Iniman excreta. In India a large proportion of the former 
is however employed a.s fuel and the latter is very lit'tle 
used as a manure due to caste pr(*jut!i«‘es and other conser- 
vative id.eas. Methods are however available by wliich 
various vegetable waste materials can be converted into 
far,myard-like manure udiieh when addexi to soils will 
considerably help to maintain their organic matter con- 
tent. Suitable ©■xperiments liave therefore been carried 
out to convert available vegetable waste materials like 
karanj (Pongamia glabra) leaves into artificial farmyard 

It ■was foun.d that artifieml manure co'iild he success- 
fully prepared fro'm karanj leaves and othe,r vegetable 
materials in shallow pits by adopting rain water method. 
Composts made according to this method from, 
leaves and paddv straw were tried against eattie-duiig 
on the yield of paddy on the two main nc© soils of . 
Chhattisgarh. Res^iilts wliich have been ■ statisticaly ■ 
examined show that the composts give as good yields of 
paddy as those given by eattle-diuig m,aiiiire. 
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